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a b s t r a c t

With the increase of building automation in the work environment, there is a risk that occupants lose
their sense of control when decisions on environmental aspects such as temperature, electric lighting,
and daylight are made by technology. This paper reports two experiments in which we investigated the
effect of the level automation and the type of system expressiveness on users' satisfaction with an
automated blinds system installed on a virtual window. An expressive interface was designed to
communicate the status and intentions of the blinds system to the building occupants. The results show
that the addition of the expressive interface increased user satisfaction compared to the original system.
Moreover, users made less corrections after automatic blind adjustments and adherence to the system
suggestions increased. These results demonstrate the potential of expressive interfaces to increase user's
acceptance of automated blinds and thereby realizing the anticipated energy savings.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

1.1. Perceived control in automated office buildings

The increasing attention for energy efficient buildings combined
with technological advances in sensors, processing power, lighting,
and networks drive the development of so called ‘Smart Buildings’.
Simple forms of building intelligence such as occupancy sensing or
daylight-based dimming are already common practice. There are
clear economical drivers for building automation. For example,
energy and cost savings can be realized by automatically switching
off the light when people are not in a room or by dimming the
electric light if sufficient daylight is available. Building automation
should not only result in energy and cost savings, but also make
sure that occupants are satisfied with and feel in control of their
working environment. User acceptance is essential for successful
adoption of building automation technologies, but at the same time
difficult to achieve. A balance between energy efficiency and
occupant comfort needs to be found, ensuring that people feel
igh Tech Campus 7, 5656 AE
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comfortable and productive at their workplace while preserving
the energy saving potential of building automation technologies.

Both in the domain of technology acceptance and in the domain
of the built environment, a sense of control is generally recognized
as an important factor influencing comfort and satisfaction (e.g.
[2,4,13]). Perceived control is included in technology acceptance
models and user satisfaction measures (e.g. [31]). Veitch [32] de-
scribes perception of control as an important psychological process
that influences perceived lighting quality and satisfaction with the
working environment. In her study, people with dimming control
reported higher ratings of lighting quality, environmental satis-
faction, self-rated productivity, and even showed more sustained
motivation and improved performance on a measure of attention.
Similarly, Newsham and colleagues [21] showed in a laboratory
study that the provision of dimming control for a lighting system
resulted in improvements on several factors including mood,
satisfaction with the environment, and self-assessed productivity.
Lee and Brand [14] have investigated the effect of control over the
office workspace on perceptions of the work environment and
work outcomes. Based on a questionnaire study among more than
200 office workers, they concluded that having personal control
over the physical working environment positively influences both
job satisfaction and group cohesiveness.
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With the increase of building automation in the work environ-
ment, there is a risk that occupants lose their sense of control when
decisions on environmental aspects such as temperature, electric
lighting, and daylight are made by technology.

1.2. Automatic and manual blinds operations

Previous research on automatic andmanual blind systems in the
work environment indicates the importance of appropriate
daylight control for energy saving and user comfort. Several studies
investigated the use of manual blinds and show that people do not
regularly change the blinds positions [11,5,23,26]. People generally
lower the blinds to block direct sunlight, but often forget to retract
them. If people retract blinds, they mainly do this to increase
daylight entrance or to create a view [6]. Interestingly however,
Reinhart and Voss [28] found that in 88% of the cases when the
blinds were lowered automatically, people manually raised them
within 15 min, indicating a low acceptance of automatic blind ad-
justments. Guillemin and Morel [7] developed and evaluated a self-
adaptive integrated system for energy and comfort management in
buildings, in which the blinds control system was optimized for
visual comfort if a user was present and for thermal comfort in
absence of a user. Although the solution demonstrated its potential
for reducing the energy consumption, the questionnaire results
showed that users quickly got angry at the automatic systemwhen
it did not take into account their wishes. Vine and colleagues [33]
investigated office workers' response to an automated interior
venetian blind system with a linked electric lighting system. In a
pilot study, 14 participants experienced three modes of operation
during sessions of one hour per mode. The three modes varied in
degree of control that was available to the user. The general levels of
satisfaction were similar among the three modes of operation,
although there seemed to be a tendency that in the manual control
mode participants were more satisfied with the lighting conditions
than in the automatic user control mode. Participants seemed to be
least satisfied with the automatic mode. However, the sample size
and time frame of the study, as well as the differences found, are too
small to make conclusive statements about the effect of control
mode on satisfaction with the lighting. Sadeghi and colleagues [29]
performed a comparative study on occupant interactions with
shading and lighting systems using four different control interfaces,
including a fully automatic system, an automatic system with
manual overrides via a remote control, manual control via a wall
switch, and manual control via a web interface. The fully automatic
system resulted in the lowest scores on comfort. Comfort votes
were increased when manual override was possible or when
manual control was offered via the web interface or wall switch.
They further emphasize the importance of accessibility of the
controls. Similarly, Bakker and colleagues [2] showed that having
the possibility to manually overrule the automated facade leads to
higher user satisfaction with light levels on the work plane and in
the room. Based on a literature review, Galasiu and Veitch [6]
concluded that photo-controlled lighting systems are most
widely accepted when there is individual override control. Inte-
grated control for both lighting and shading can be acceptable, but
are most widely accepted when a degree of manual control is
provided. Another literature review on dynamically controlled
shading systems confirms the importance of simple manual con-
trols for acceptance of automated shading systems [12]. Although
these cited studies clearly show the importance of personal control
for occupants' comfort, several studies highlighted that occupant
control of blinds and lighting can significantly increase energy
demand in a building [8,9]. In recent work, Meerbeek and col-
leagues [20] reported a field study in 40 Dutch offices inwhich they
monitored the blinds usage of an automated blinds system over a
period of 20 weeks. The results showed that a majority of the
building occupants (77.5%) switched off the automatic mode of the
blinds system permanently. Simulation results indicated that this
significantly impacts the energy consumption in the building. The
estimated total daily average energy consumption for heating and
cooling was significantly lower for occupants using the automatic
mode than for manual users [20]. One of the reasons for switching
off the automatic modewas that occupants did not understandwhy
the blinds were moving up or down. They felt this was often
occurring at the wrong moments.
1.3. Expressive interface for automated systems

To help people understand and accept the behaviour of auto-
mated systems, appropriate communication from the system to-
wards the users is deemed a crucial factor. This communication
might be provided by an expressive interface which provides in-
formation to the end-user about the internal reasoning, intentions,
and actions of the automated system. In particular when tasks are
only partially automated, “it is essential that each party, human and
machine, knowwhat the other is doing and what is intended.” [22].
Often, expressive interfaces come in a human-like representation
as people are wired to communicate with other people and experts
in interpreting verbal and non-verbal signals from other human
beings. Experiments have shown that people are inclined to attri-
bute human characteristics to technology while interacting with it
and to perceive the systems as social actors [27]. It has been found
in other domains that people tend to attribute personality traits to
automated systems [19]. This attributed system personality might
help in the interaction between users and technology as it allows
people to form a conceptual model of the system. It channels
behaviour, beliefs, and intentions into a cohesive, consistent set of
behaviours [22].

Expressive interfaces might also affect users' perception of
control. Generally, information, choice and predictability are the
three prominent factors that are found to influence perceived level
of control [30]. In the context of this study, the expressive interface
might provide the user with information related to the blinds status
or outside conditions and give the user options to choose from (e.g.
lowering or raising the blinds). In addition, the expressive interface
might help users to predict the automatic behaviour of the system,
for example by signalling an automatic blind change before it is
effectuated.
1.4. Research questions

In this study we investigate the user satisfaction and actual
usage of an automated blinds system with an expressive interface.
More specifically, we research the effect of the level automation
and the type of system expressiveness on users' satisfaction with
and usage of the blinds system installed on a virtual window with
LED spot to mimic sunlight. Two experiments are conducted to
address this research question. In the first experiment (N ¼ 48),
three levels of automation and two types of expressiveness are
compared in a controlled mixed design user study in a laboratory
setting to find their main effects on user satisfaction and blinds
usage as well as the interaction effects between level of automation
and type of expressiveness (Section 3). In the second experiment
(N ¼ 24), two types of expressiveness with the same level of
automation are compared, again through a user study in a labora-
tory setting, to zoom in on the effects of the type of expressiveness
on satisfaction and usage (Section 4). But first, Section 2 describes
the design of the expressive interface and the levels of automation
that were tested in these two experiments.



Fig. 1. Light feedback systemmounted on top of a motorized blinds system in front of a
virtual window.
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2. Design of expressive interface for automated blinds

2.1. Automated blinds system

An automated interior venetian blinds systems was developed
with automatic behaviour comparable to the system that was
evaluated in a previous field study [20]. In order to test in a
controlled setting and not depend on actual variations in daylight
conditions, an office environment with a virtual window was
created in which daylight situations could be simulated [17]. Direct
sunlight was mimicked with an LED spotlight and its light output
thresholds were set as triggers for the blinds systems to lower or
raise the blinds (described in more detail in Section 3 and 4). The
designed light conditions served the main purpose of this study to
evaluate various expressive interfaces and automation strategies
with the blinds in a relatively short period and in a controlled way,
without being dependent on or affected by actual variations in real
daylight conditions. The virtual window with an ‘outside view’

stimulated participants to have the blinds open, while the LED spot
was able to create glare and stimulated participants to lower the
blinds. It should be noted that the light intensity, spectrum, and
glare perception thresholds were specific for the virtual window
and LED spot configuration of the two studies and therefore not
generalizable to real daylight conditions. For example, people
generally are more tolerant for glare from real daylight with a view
than from artificial light sources.

The automated blinds system was extended with an expressive
interface to communicate to the users about its' status and in-
tentions. This feedback mechanism should be ‘ambient’ and
embedded in the building environment informing users in an un-
obtrusive way. This is considered an important quality for our
system, since office workers expect it working quietly in the
background without disturbing them, while at the same time being
attentive and responsive to their needs. Various examples of
ambient information systems have been developed for other do-
mains using displays, sounds, everyday objects, or art pieces to
inform the user [25]. In this study, we explore the use of a lighting
device embedded in the blinds to communicate to users about its'
status and intentions. Light is a medium that can be directed and
moved in or outside people's field of view. Therefore, it can easily
move from the centre of our attention to the periphery and back
again [1].

The ambient light feedback device should provide users with
information on the actual outside daylight conditions that trigger
automatic blind changes (or in case of the experiments, of the
mimicked daylight conditions). Furthermore, the system should
provide the user with information about upcoming or recom-
mended blind changes to increase the predictability of the system.
The provisioning of information and enhanced predictably are ex-
pected to contribute to increased perception of control and higher
satisfaction with the automated blind system. Moreover, in an
earlier study by Maan and others [15]; ambient light feedback was
found to influence users' behaviour. They tested the effect of
feedback provided by a lighting device that gradually changed its
colour dependent on energy consumption and compared it with
the effect of numerical feedback. The ambient light feedback was
found to have stronger persuasive effects. Hence, it is expected that
the expressive interface not only contributes to a higher perception
of control and increased user satisfaction but also affects the actual
blinds usage.

We designed two variants of the ambient light feedback
(moderately expressive vs highly expressive) and three levels of
automation (low vs medium vs high) to evaluate the impact of
these design parameters on the user satisfaction and usage of the
blinds system.
2.2. Light feedback

The light feedback systemwas designed to bemounted on top of
a motorized blind system installed in front of a virtual window. It
consists of a pixelated LED strip with individually controllable LEDs.
On top of this LED strip, a transparent light guide panel (Evonik
EndLighten ™) was placed such that the light from the LED strip
coupled into the side of this light guide material. The light guide
diffuses the light and couples it out sideways such that an evenly
illuminated panel is created. Laser cuts were made in the light
guide panel and acted as mirrors due to total internal reflection
(TIR) of the light, resulting optically in twelve individually
addressable light segments. The ten segments in the centre form
the blocks that indicate the level of solar radiation, ranging from
level 1 (low radiation) to level 10 (high radiation), while the two
segments on the sides are shaped as an arrow up and an arrow
down to indicate the recommended or effectuated blind change
(Fig. 1). Each of these segments can be switched on and off sepa-
rately by controlling the underlying LEDs independently. In on
state, the segment takes the colour of the LEDs that couple the light
into it, and in off state the segments become transparent and
practically invisible. The behaviour of the light feedback systemwas
programmed with Arduino.

2.3. Levels of automation

The level of automation was manipulated on three levels vary-
ing in decision and action selection in line with the automation
scale of Parasuraman [24]. The high level automation was compa-
rable to the systems as investigated in the field study of Meerbeek
and colleagues [20], and can be placed on level 10 on Parasuraman's
scale (Table 1) as it does not involve the user in its decision making
(although users could overrule its decisions afterwards and have
manual control over the blinds). In the medium level of automa-
tion, users were able to accept or reject a blinds change suggested
by the system (level 6 on Parasuraman's scale). If a user did not act
within 50 seconds from the moment a suggestion was made the
suggested blinds changewould be implemented. The systemwould
approve users' actions if they lowered the blinds to minimally 50%
or raised them to minimally 25% and in that case would not un-
dertake further action. In the low level of automation, the system
would still suggest a blinds change but users were given the full
responsibility to implement the suggested blinds change.

2.4. Types of expressiveness

Two types of expressiveness were created. Version A (‘gradual’)
expressed its intentions with a gradual colour change of the arrows,
starting from green and changing to red to indicate a higher ur-
gency for adjusting the blinds. Fig. 2 shows some examples of the



Table 1
Mapping of levels of automation in Parasuraman's scale to three automation levels in this study [24].

Parasuraman's scale Level of automation in this study

10 System decides everything, acts autonomously, ignoring the human High
9 System informs the human only if system decides to
8 System informs the human only if asked
7 System executes automatically, then necessarily informs the human
6 System allows the human a restricted time to veto before automatic execution Medium
5 System executes a suggestion if the human approves
4 System suggest one alternative Low
3 System narrows the selection down to a few
2 System offers a complete set of decision/action alternatives
1 System offers no assistance; human must take all decisions and actions

Fig. 2. Example of light feedback in different situations.
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light feedback for Version A at various ‘sun light’ intensities, sug-
gesting the users to adjust the blinds with the coloured arrows.
With version B (‘pulsating’), the arrows were red and pulsating at
increasing rate to indicate an increasing urgency to adjust the
blinds. The arrows increased their pulsing rate in three steps. First,
the arrows were on for 1 second and off for 1 second, so a pulsing
rate of 0.5 Hz. The pulsing rate then increased to successively 1 Hz
and 2 Hz. For the original blinds system (high level of automation)
there was no light feedback system.
3. Experiment 1: evaluation of light feedback with different
levels of automation

3.1. Study design

Both level of automation and type of expressiveness were varied
on two levels, which resulted in four different versions of the sys-
tem. We wanted to compare these versions with the original sys-
tem as evaluated in the field study [20], so that it could be
investigated whether the light feedback affected users' behaviour
and whether these changes indeed improved users' satisfaction. To
reduce the length of the experiment it was decided to test the type
of expressiveness between subjects and level of automation within
subjects. So each participant experienced three versions in a
balanced order: the original blinds system without light feedback,
and two levels of automation (low and medium) with the same
type of expressiveness. Moreover, participants were randomly
assigned to the type of expressiveness. The mixed experiment
design resulted in the five conditions (C0eC4) presented in Table 2.

Various dependent variables were included in the study design,
but in this paper we only report on the variables relevant to the
research question posed in the introduction of this paper:
perceived system personality, perceived control, user satisfaction,
and user behaviour. Other variables, including for example
perceived ease of use, perceived usefulness, user characteristics,
and trust in the system are outside the scope of this paper.
3.2. Materials and setting

The experiment was conducted in the ExperienceLab of Philips
Research, which resembled an office setting with a virtual window.
An abstract viewwas created at this virtual windowwith which we
want to give participants the idea of a real view to outside, so they
would be motivated to raise the blinds to create an ‘outside’ view
[17]. The lower part of the window was rendered green to prompt
the idea of a meadow and the upper part blue to suggest the idea of
a sky. The ceiling lighting fixtures (4000K LED) in the spacewere set
to provide a horizontal illuminance of 300 lux at the desk, which is
the minimum for tasks like writing, typing, reading and data pro-
cessing in the office according to building regulations (NEN-EN
12464). A spotlight was used to induce the impression of a sun. At
each window, a motorized blinds system (Somfy LW 25 E83 with
mat grey-silver coloured slats) was installed covering the full width
of the virtual window. Both blinds were controlled simultaneously
and could be operated by the experimenter pc (Pharos Designer
timelines for automatic blind adjustments) and by the participant
via a web interface on a tablet computer. Fig. 3 and Fig. 4 gives an
impression of the virtual window, spotlight, and blinds in experi-
ment 1.

A light scenario was created to mimic a sun breaking through
the clouds and then after a while disappearing behind the clouds
again to create situations in which the blinds need to be adjusted.
As one of the main reason for users to manually lower the blinds is
the prevention of discomfort glare [20], we wanted the system to



Table 2
Overview of conditions experiment 1.

No expressive feedback (none) Version A (gradual) Version B (pulsating)

Low automation C1(Alow, Egrad)
System only suggest; Green-to-red light

C3(Alow, Epuls)
System only suggest; Pulsating red light

Medium automation C2(Amed, Egrad)
System suggests and acts; Green-to-red light

C4(Amed, Epuls)
System suggests and acts; Pulsating red light

High automation C0(Ahigh, Enone)
Original system

Fig. 3. Setting experiment 1.

Fig. 4. Virtual window in experiment 1 with blinds lowered and with horizontal slats.

Fig. 5. Light scenario of sun-m
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suggest users to lower the blinds before users actually experienced
discomfort glare. This would be interesting to investigate, as users
were prompted to perform an action while they did not yet feel
uncomfortable but that action would be preferred from an energy
saving perspective. As the commonly acceptable methods and
guidelines for calculating discomfort glare from daylight or electric
lighting are not validated for daylight mimicking systems such as
virtual windows and existing metrics do not always correlate well
to subjective glare perceptions [16], the thresholds for discomfort
glarewere set based on a few trials with lighting experts evaluating
level of discomfort at various light intensities of the sun mimicking
spot. The threshold for discomfort glare was consequently set at a
vertical illuminance (Ev) of 950 lux at the eye of the participant. The
intensity of the spotlight was raised linearly in ten steps from a base
level of 470 lux (Ev�min) to its maximum of 1230 lux (Ev�max),
measured at eye height of the participant when seated and also
included the lighting provided by the virtual window and the
ceiling lights. It should be stressed that these threshold values were
determined by subjective evaluations of discomfort glare by a
group of lighting experts. These evaluations were not only subjec-
tive, but also specific to the experimental setting (participants
viewpoint, virtual window, LED spot light, etc.). Therefore, these
values cannot be generalized to other real or virtual daylight situ-
ations. However, given the main purpose of our study ewhich is to
evaluate the expressive interfaces and automation strategies and
not to optimize an automated blind control algorithm - the sub-
jective method was preferred over an objective glare metric. With
the chosen thresholds, we were confident that we could create a
discomfort glare situation that would trigger participants to use the
blinds.

The light scenario was introduced twice per condition, so that
the user could experience the system behaviour twice, and at
different moments, so he would not be able to anticipate on its
behaviour. An example test procedure for one condition with two
light scenarios is visualized in Fig. 5, where the vertical illumination
imicking LED spot light.



Table 4
User satisfaction for the tested conditions (A ¼ level of automation, E ¼ type of
expressiveness, EMM ¼ estimated marginal means, SE ¼ standard error).

Condition EMM SE Mean difference with C0 p-value

C0(Ahigh, Enone) 3.488 0.150 n/a n/a
C1(Alow, Egrad) 4.176 0.194 �0.688 0.004
C2(Amed, Egrad) 3.958 0.200 �0.470 0.183
C3(Alow, Epuls) 4.190 0.211 �0.701 0.010
C4(Amed, Epuls) 4.090 0.192 �0.602 0.018

Fig. 6. Layout experiment 1.
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at eye level is plotted over time.
The office setting was created by placing two desks perpendic-

ular to the virtual window (see Fig. 6). In the back of the lab a group
of four more desks was placed. The participant was seated at the
desk close to the virtual window that was opposite to the spot light,
so that the ‘sunlight’ was able to create discomfort glare. Partici-
pants were able to manually operate the blinds via a tablet. They
could adjust the position (0%, 25%, 50%, 75%, and 100%) and the
angle of the blinds (horizontal, vertical, 45�) by touching a repre-
sentative icon on the user interface.

3.3. Procedure and measurements

Participants were asked to install themselves behind the desk
and to read and sign a consent form. They were provided with a
short explanation sheet about the purpose and set-up of the
experiment and with a sheet which explained the behaviour of the
light feedback system (Appendix A). Each of the three conditions
was tested for 15min. After the testing of each version, the user was
Table 3
Internal consistency (Cronbach's alpha) for scales used in experiment 1.

Scale

Extraversion (discarded)
Agreeableness (discarded)
Conscientiousness (discarded)
Neuroticism (discarded)
Openness to new experiences (discarded)
Extraversion & Openness (talkative, energetic, creative, curious)
Agreeableness & Emotional Stability (cooperative, polite, calm, relaxed)
Perceived control
Satisfaction
asked to fill in a questionnaire which assessed the dependent var-
iables (Appendix B). After the testing of all three versions, a semi-
structured interview was held to gain a deeper understanding
about which aspects of the system participants did and did not like.
Users were also asked which version they preferred and why. The
total experiment duration was around 90 min per participant.

Perceived system personality wasmeasured with the short form
Big Five personality questionnaire [3], with four items per per-
sonality dimension, rated on a 7-point scale. Perceived control was
assessed with a measure developed for evaluating human-
computer interaction [10]. User satisfaction was measured with
an own developed questionnaire with a 7-point Likert scale con-
sisting of the four questions on satisfaction with the overall blinds
system, the light feedback system, the automatic blinds behaviour,
and with controlling the blinds system via the tablet.

User interaction with the system was logged to evaluate the
effect of the tested conditions on user behaviour, in particular the
adherence of the user to the suggestions of the system and his
corrections of system actions. Adherence was used as a measure to
compare users' behaviour on a low and medium level of automa-
tion. With a low level of automation, users could only adhere to and
not correct the system, as the system did not effectuate any blind
adjustment automatically. Adherence (A) was calculated by
counting for each condition the times that a user (i) adheres to a
system suggestions (a) divided by the total of 4 received sugges-
tions (2 suggestions to raise the blinds, 2 suggestions to lower the
blinds), averaged over participants (n), and expressed as a per-
centage (see Equation (1)). The criterion for adherence to a sug-
gestion to raise the blinds was that the blinds were adjusted by the
user before the minimum radiation level was reached (level 1), or
by the system, with no subsequent blind adjustments (i.e. correc-
tions) from the user until the next sun break through. A similar
criterionwas used for adherence to suggestions to lower the blinds,
but then for radiation levels of 6 or higher.

Users' corrections were defined as actions of users that were a
reaction to the system's action and involved a user initiated
adjustment of the blinds position (blind angle adjustments were
not included as corrections since the automated behaviour only
changed the blinds position and not the angle). Correction (C) was
calculated by counting for each condition the times a user (i) cor-
rected a system action (c), divided by the total amount of system
Items Cronbach's a

4 0.101
4 0.554
4 0.369
4 0.517
4 0.214
4 0.823
4 0.863
2 0.813
4 0.784
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actions (s), averaged over participants (n), and expressed as a
percentage (see Equation (2)).

A ¼
Pn

i
ai
4

n
� 100% (1)

Equation (1) Adherence

C ¼
Pn

i
ci;n
si;n

n
� 100% (2)

Equation (2) Corrections
3.4. Participants

Participants were either students or Philips employees. The
students were recruited by distributing flyers at the Eindhoven
University of Technology, by word-of-mouth and by social media.
They received a gift voucher for their participation. Philips em-
ployees were mostly interns and did not receive an incentive
because they participated during work time. In total, 48 partici-
pants took part in the experiment (20 females and 28 males; age
range 19e51, mean ¼ 26.1, SD ¼ 7.2).
3.5. Questionnaire results

For each scale, Cronbach's alpha was calculated to test the in-
ternal consistency of the measure. The results are presented in
Table 3. The internal consistency for the five personality di-
mensions was low. For conscientiousness, no combination of items
resulted in a reliable scale, so this scale had to be discarded. For the
other four personality scales, some items were discarded to reach
acceptable internal consistency. Given the high correlations be-
tween Extraversion and Openness to new experiences on the one
hand, and Agreeableness and Neuroticism on the other hand
(further named Emotional stability, commonly used if the scale is
reversed), these scales were combined for further analysis.
3.5.1. Perceived system personality
Perceived system personality was expected to be influenced by

both level of automation and type of expressiveness. However, no
significant main effect of type of expressiveness on perceived sys-
tem personality was found. The level of automation did have sig-
nificant main effects on both Extraversion & Openness (F ¼ 9.281,
p ¼ 0.004) and Emotional stability & Agreeableness (F ¼ 7.578,
p ¼ 0.008). Participants perceived the system with a low level of
automation as less ‘extravert and open’ than the medium level of
automation (2.7 vs 3.1), butmore ‘emotionally stable and agreeable’
(4.2 vs. 3.6).
Table 5
Users' preferred conditions including main motivations (A ¼ level of automation, E

Condition Preferred by

C0(Ahigh, Enone) 3 out of 24

C1(Alow, Egrad) 10 out of 24

C2(Amed, Egrad) 11 out of 24

C0(Ahigh, Enone) 3 out of 24

C3(Alow, Epuls) 10 out of 24

C4(Amed, Epuls) 11 out of 24
3.5.2. Perceived control
Perceived control was also expected to be influenced by both

level of automation and type of expressiveness. However, no sig-
nificant main effect of type of expressiveness on perceived control
was found. Level of automation did have a significant main effect on
perceived level of control (F ¼ 23.859, p ¼ 0.000). Participants
perceived more control with the low level of automation than with
the medium level of automation (5.1 vs 4.0). For both the low and
medium level of automation, the perceived level of control was
significantly higher thanwith the original system, with a high level
of automation (3.3).

3.5.3. User satisfaction
All versions of the system with light feedback (C1eC4) scored

higher on user satisfaction than the system without light feedback
(C0). Table 4 shows the estimated marginal means for each con-
dition and the results of a paired comparison between the original
system (C0) and the other conditions. The two systems with low
level of automation (C1 and C3) scored highest on user satisfaction
and also the medium level of automation with expressiveness
version B (C4) scored significantly higher on user satisfaction than
the original system (C0).

3.6. Usage behaviour

The number of corrections users made was compared for the
three conditions in which an automatic blind adjustment was
possible (C0, C2, C4). In case of the original blinds system (C0), on
average 50.8% (SE ¼ 5.7) of the automatic system actions were
corrected by the user. For the two versions with light feedback and
a medium level automationwith expressiveness version A (C2) and
version B (C4), respectively 24.8% (SE ¼ 8.4) and 31.3% (SE ¼ 8.2) of
system actions were corrected. The difference between C2 and C0
was found to be significant (p ¼ 0.036). The results on users'
adherence in experiment 1 will be presented in Section 4.7 and
compared with experiment 2.

3.7. Interview results

During the interview, participants expressed their preferences
with respect to the three versions they had experienced (see
Table 5). Due to the mixed design, conditions C1eC4 were each
experienced by 24 participants and C0 was experienced by all 48
participants. The results show that most participants (87.5%)
preferred the versions with the light feedback device over the
original blinds system. There was no clear difference in preference
between the low and medium level of automation. The main mo-
tivations for their preferences are listed in Table 5, with in between
brackets the number of participants that provided this reason.
¼ type of expressiveness).

Main motivations for preference

Don't want to put effort in regulating blinds (2)
Want to concentrate on my work.(1)
Automatic actions of other versions are conflicting with my preferences (4)
Want to be in control. (3)
Don't want to be distracted by automatic behaviour (3)
Want some control myself (3)
Like to be informed (3)
Don't want to put effort in regulating blinds (2)
Want to concentrate on my work (1).
Automatic actions of other versions are conflicting with my preferences (5)
Want to be in control. (2)
Don't want to take care of blinds continuously (7)
Want some control myself (2)
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All transcribed interviewswere analysed to reveal the important
themes that participants brought up when asked about their
experience with the automated blinds system. These themes are
convenience, subtlety, fine-grained control, learning, decision
support, personal comfort, and transparency. Next, participants'
comments on each of these themes are described in more detail,
again with in between brackets the number of participants that
mentioned it.

Many users indicated that regulating the blinds in the office is of
minor importance as they want to focus on their main tasks and
working activities. Operating the blinds should cost as little effort
as possible (26) and should not require thoughtful consideration
(18). Participants liked the fact they could control the blinds from
their chairs via the tablet. “I find it too much effort to stand up from
my chair and walk to the knob”. Many participants particularly liked
the fact that the blinds would raise automatically after a period of
high radiation (11). “I really like that the blinds go up automatically. It
was really a happy moment that more daylight entered the room.
Otherwise, it could be that you are busy and in a dark room for an
hour.”

As most users consider controlling the blinds of secondary
importance in their work environment, theywant the systems to be
subtle in its behaviour and presence. The blinds system should limit
the times it interrupts users from their work (25), the feedback
system should not be in the centre of attention (12), and the system
should be reserved (7). Especially participants that experienced the
expressive version with pulsating red light (version B) commented
on this aspect. “I think the flickering is a bit too much. If all systems
would ask that much attention…”.

Although operating the blinds was considered of limited
importance, many participants expressed the desire for more fine-
grained control. For some users, the predefined settings with a
choice for a few blinds positions and a few angles was not sufficient,
and theywant to control the blindsmore precisely (18) at a position
or angle.

Participants mentioned the importance of a system that adapts
to individual preferences, and wanted the system to act automati-
cally according to the users preferences (11) and learn from users'
behaviour (11). “I would like to have the system act to my preferences.
I don't want to adjust the whole time; that is annoying”. “The system
should actually learn what appropriate behaviour is”. Some partici-
pants also mentioned they want a way to communicate their
preferences to the system (4).

Many participants liked the light feedback and mention the
system should support users in making a decision (23). “I think the
Table 6
Overview of conditions experiment 2 (A ¼ level of automation, E ¼ type of expressiveness).

Version A (gradual) Version B (pulsating)

Medium automation C2a(Amed, Egrad)
System suggests and acts; Green-to-red light.

C4a(Amed, Epuls)
System suggests and acts; Pulsating red light.
feedback is useful, it feels like you get advice”. However, another
group of participants believes that users should be able to regulate
the blinds according to their own comfort (22). “I didn't care about
the system's suggestions. I don't care about energy efficiency of the
office, it is just about whether I think it is comfortable”. “For my
comfort, it is not necessary that the system does anything. I experience
myself whether it is annoying”.

Finally, several participants commented on the lack of trans-
parency of current automated blind systems. They expressed that
the system should give users insights into the outside situation,
especially when the blinds are lowered and closed (11). Some also
mentioned they want the system to communicate its actions to the
user in advance (7) so they can anticipate. “When it is automatic, I
don't know when it is going to move. But when I change them myself
then I can take a water or something until the noise is over”.

4. Experiment 2: effect of type of light feedback on
satisfaction and usage

4.1. Introduction

The results in experiment 1 showed no significant effects of the
type of expressiveness on perceived system personality and
perceived control. This factor was tested between subjects, while
level of automation e which had significant effects on perceived
system personality and perceived control e was tested within
subjects. It could be that the effects of expressiveness were not
found due to this experiment design. Therefore, a second experi-
ment was designed to test the type of expressiveness within sub-
jects at a fixed level of automation. Furthermore, the measure for
perceived system personality was adapted given the low internal
consistency in experiment 1.

4.2. Study design

The design of experiment 2 resembles to a large extent the
design of the first experiment. In this section, we highlight the
differences between the study designs. In experiment 2, the level of
automation was held constant at the medium level, as this allowed
to investigate the mixed control situation including the number of
system actions corrected by the user (see Table 6). Two types of
expressiveness were included similar to experiment 1. However,
the behaviour of the arrows was slightly adjusted based on the
comments of users in study 1 on the visibility and clarity of the
behaviour. Version A in study 1 changed the colour of the arrows
from green to red in 10 steps, each displayed for 5 seconds. In study
2, the colour change consisted of only 3 steps, each displayed for
25 seconds. For version B, the difference in pulsing rate between
the start and the end of the light behaviour was increased to make
the difference more noticeable to users. In 3 steps, the pulsing rate
increased from 0.44 Hz, to 1.33 Hz, to 4 Hz. Furthermore, the light
feedback device was now placed under the window instead of
above such that it would be easier for users to look at the feedback
device. Each participant experienced in a balanced order both
expressive versions of the blinds system with a medium level of
automation.
4.3. Materials and setting

The experiment was conducted in a usability lab at the Technical
University of Eindhoven with two spaces connected by a glass
window. In the first space, an office setting was created resembling
the office setting in study 1, while in the second space a virtual
natural view (projection) and virtual sun (LED spot) were posi-
tioned close to the window tomimic daylight conditions in the first
space (see Fig. 7). A light scenario was created comparable to the
scenario in study 1. Due to the differences in experimental setting
(room size, window size, reflectance of walls, ceilings, floor, virtual



Fig. 7. Experimental setting study 2.
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view, etc.), the light intensities of the virtual sun were adapted.
Again, the threshold for discomfort glare was set based on a few
trials with lighting experts subjectively evaluating level of
discomfort at various light intensities of the virtual sun. The same
tablet was used to manually control the blinds position and angle.

4.4. Procedure and measurements

Also the procedure of experiment 2 was comparable to experi-
ment 1. However, in study 2, each participant only experienced two
versions. Each version was experienced for 17.5 minutes and
included two light scenarios. The total duration per participant was
around 70 minutes. After each version, a questionnaire was
completed and the experiment ended with a short semi-structured
interview, this time focusing on the expressive behaviour of the
light feedback device.

Similar measures were used as in experiment 1 but a few
measures were adapted (Appendix C). The measure for perceived
system personality (based on [3]) was extended with additional
personality items selected from [18]. Each personality dimension
was measured with 6 items, resulting in a total of 30 items (see
Table 7). For each dimension internal consistency was calculated
using Cronbach's alpha. A few items had to be dropped to result in
scales with moderate to high internal consistency. For satisfaction,
two items were discarded to reach an acceptable internal consis-
tency. Satisfaction with the tablet and the automatic behaviour
were left out. The remaining items were satisfaction with the
overall blinds system and satisfaction with the light feedback
system.

4.5. Participants

Participants were recruited at the university and all were stu-
dents or PhD students. They received a gift voucher for their
Table 7
Internal consistency (Cronbach's alpha) for scales used in experiment 2.

Scale

Extraversion (talkative, assertive, expressive, confident, dominant)
Agreeableness (cooperative, polite, friendly, helpful, agreeable, bossy)
Conscientiousness (reliable, persistent, firm, consistent, indecisive)
Neuroticism (calm, relaxed, unemotional, patient)
Openness to new experiences (creative, curious, intelligent, analytical)
Perceived control
Satisfaction
participation. In total, 24 participants took part in this experiment
(11 females and 13males; age range 18e30, mean¼ 23.2, SD¼ 3.6).

4.6. Questionnaire results

4.6.1. Perceived system personality
Perceived system personality was expected to be influenced by

the type of expressiveness of the blinds system. Table 8 shows the
estimated marginal means for the pulsating (C4a) and gradual
(C2a) feedback and the results of a paired comparison. From the
data, it can be concluded that C4a was perceived as more extravert,
less agreeable, more neurotic, and less open to new experiences
than C2a.

4.6.2. Perceived control
The type of expressiveness was also expected to influence the

level of control perceived by the participants. The results indeed
showed a significant (p ¼ 0.038) difference between the two ver-
sions, with C4a resulting in a lower perceived level control
(EMM ¼ 4.0) than C2a (EMM ¼ 4.5).

4.6.3. User satisfaction
The user satisfaction levels between C4a (EMM ¼ 3.9) and C2a

(EMM ¼ 4.1) were not significantly different (see Table 9).

4.7. Usage behaviour

For the gradual (C2a) and pulsating (C4) version of expressive
feedback, respectively 3.6% (SE¼ 6.0) and 11.6% (SE¼ 6.1) of system
actions were corrected. So participants seemed to correct the sys-
tem with the gradual feedback (green to red light) less than the
system with the red pulsating light, although this difference was
not significant (p¼ 0.179). The percentages of corrections in study 2
were lower than in study 1 (C2: 24.8% and C4: 31.3%).

Table 10 shows the percentages of participants that adhered to
the suggestions of the system in study 1 and study 2. A user action
was counted as adherent if it would coincide with a suggestion
made by the system. For lowering blinds this was at radiation level
6 to 10, while for raising blinds this was at radiation level 5 to 1. The
results show that in general, adherence in study 2 was higher than
in study 1, which can be explained by the fact that the light feed-
back device was placed at a more visible location under the virtual
window. In particular for the lowering of the blinds, more users
adhered to the system suggestion in the second study than in the
first study.

5. Discussion and conclusion

Building automation in the work environment might result in
occupants losing their sense of control when decisions on envi-
ronmental aspects are made by technology. In two experiments, we
investigated the user satisfaction and actual usage of an automated
blinds system with an expressive interface installed on a virtual
Items Cronbach's a

5 0.595
6 0.824
5 0.618
4 0.613
4 0.615
2 0.662
2 0.602



Table 8
Perceived system personality for the two types of expressiveness (EMM ¼ estimated marginal means, SE ¼ standard error).

C4a (pulsating) C2a (gradual) Paired comparison

EMM SE EMM SE EMM difference p

Extraversion 3.885 0.182 3.427 0.182 0.458 0.025
Agreeableness 3.521 0.174 4.063 0.174 �0.542 0.008
Conscientiousness 4.058 0.174 4.169 0.174 �0.110 0.337
Emotional stability 3.292 0.174 3.875 0.174 �0.583 0.009
Openness to new experiences 2.979 0.131 3.188 0.131 �0.208 0.050
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window that was designed to enhance users' perception of control
and increase system acceptance. More specifically, the effect of the
level automation and the type of system expressiveness on users'
satisfaction with and usage of the blinds was explored.

The first experiment showed that the level of automation in-
fluences the perceived system personality. Participants perceived
the system with a low level of automation as less ‘extravert and
open’ than the system with a medium level of automation, but
more ‘emotionally stable and agreeable’. Furthermore, as expected,
participants perceived more control with the low level of auto-
mation than with the medium level of automation. For both low
andmedium level of automation, the perceived level of control was
significantly higher thanwith the original system, with a high level
of automation. The results also showed that the expressive feed-
back of the light feedback device increased user satisfaction
compared to the original system. The feedback also impacted users'
blinds usage and reduced the number of system actions that users
corrected.

While the results of study 1 did not show any significant effects
of the type of expressiveness, the results of the second study
showed that the type of expressiveness (when tested within sub-
jects) did affect the perceived system personality. The version with
pulsating light feedback was perceived as more extravert, less
agreeable, less emotionally stable, and less open to new experi-
ences than the version with gradual light feedback. Furthermore,
the pulsating feedback resulted in a lower perceived level control
than the gradual feedback. Study 2 also showed the effect of the
type of expressiveness on user behaviour. The pulsating feedback
seemed to result in a slightly higher adherence to system sugges-
tions than the gradual feedback. Overall, the adherence in study 2
was higher than in study 1, which can be explained by the fact that
the light feedback device was placed at a more visible location.
Finally, with the original system in study 1, 50.8% of the system
actions was corrected by user. In the second study, with the gradual
light feedback, the percentage of corrections was only 3.6%. This
indicates that the expressive interface, by providing the light
feedback, increased the user acceptance of automatic blind
Table 9
Estimated Marginal Means for User satisfaction of C4a and C2a (EMM ¼ estimated
marginal means, SE ¼ standard error).

C4a
(pulsating)

C2a (gradual) Paired comparison

EMM SE EMM SE EMM difference p

User satisfaction 3.875 0.215 4.125 0.215 �0.250 0.349

Table 10
Percentage of participants adhering to the suggestions of the blinds system.

Type of expressiveness (study
1)

Type of expressiveness (study 2)

C2 (gradual) C4 (pulsating) C2a (gradual) C4a (pulsating)

Lowering 38.6% 29.6% 77.5% 75.0%
Raising 87.5% 72.7% 87.5% 90.0%
adjustments substantially.
There are a few limitations to the studies presented in this work.

First, the experiments were conducted in a controlled setting,
evaluating only the initial user experience with the blinds system.
Daylight and view were simulated. It requires further research to
validate the findings in a real office environment under real
daylight conditions and over a longer period. For example, during
the experiments participants experienced a ‘breakthrough of the
sun’ twice within 15 minutes, which is more frequent than on a
typical day and might have resulted in more negative perception of
the more red pulsating feedback. With further validation in a
realistic setting, the impact of the expressive interface on blinds
usage and hence energy usage can be more accurately predicted.
Furthermore, many individual differences were observed between
user preferences for type of expressiveness and level of automation.
In future work, the role of individual user characteristics in pref-
erence for automated blinds systems should be further investi-
gated. Third, we only evaluated one form of expressive interface for
automated blinds, namely a light strip. However, many more
expressive interfaces could be designed to achieve a similar effect.
It would also be interesting to compare the effectiveness of
different implementations of expressive interfaces. For example,
the ‘personality’ of the expressive interface could be adapted to suit
the preferences of individual users. Finally, our studies and results
are limited to closed office settings and single users. Additional
research is needed to investigate user satisfaction with automated
blinds and the role of expressive interfaces in open plan offices, as
many other factors are expected to play a role, including for
example social dynamics.

Despite the limitations, the two studies show many promising
results and interesting findings that to our knowledge have not
been reported before. This study confirmed previous findings in
other domains that people tend to attribute a personality to auto-
mated systems for an automated system in the built environment.
Not only the level of automation, but also the way a system com-
municates with the user affects the perceived system personality
and how much control users perceive while interacting with the
system. The results further show how these factors can impact
user's satisfaction with the automated system and the way these
systems will be used. The increased adherence to system sugges-
tions and the large reduction in the number of corrections made by
the user clearly indicates the potential of expressive interface to
increase user's acceptance of automated blinds and thereby real-
izing the anticipated energy savings. Therefore, expressive in-
terfaces might be instrumental for the future success of building
automation systems and ensuring that these will be embraced by
occupants and create energy efficient and comfortable work
environments.
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Appendix A. Participant instructions

Version C1
When the strength of the sun is too high the right arrow will turn green to indicate that the blinds need to go down.
This is however only a suggestion, you will need to set them yourself to the position at which you want them to be.

If you lower the blinds the arrow will turn off.
If you do not lower the blinds while the strength of the sun increases the arrow will gradually turn into red.
When the sun then loses strength again the left arrow will turn green to indicate that the blinds need to go up.
This is however only a suggestion, you will need to set them yourself to the position you want them.
If you raise the blinds the arrow will turn off.
If you do not raise the blinds while the strength of the sun decreases the arrow will gradually turn into red.
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Version C2
When the strength of the sun is too high the right arrow will turn green to indicate that the blinds need to go down.
If you lower the blinds the arrow will turn off.
If you do not lower the blinds while the strength of the sun increases the arrow will gradually turn into red.
If you then still did not lowered the blinds they will automatically go fully down.
When the sun then loses strength again the left arrow will turn green to indicate that the blinds need to go up.
If you raise the blinds the arrow will turn off.
If you do not raise the blinds the arrow while the strength of the sun decreases the arrow will gradually turn into red.
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If you then still did not raised the blinds they will automatically go fully down.
Version C3
When the strength of the sun is too high the right arrow will turn red and flicker to indicate that the blinds need to go down.
This is however only a suggestion, you will need to set them yourself to the position at which you want them to be.
If you lower the blinds the arrow will turn off and stop flickering.
If you do not lower the blinds while the strength of the sun increases the arrow will gradually flicker faster.
When the sun then loses strength again the left arrow will turn red and flicker to indicate that the blinds need to go up.
This is however only a suggestion, you will need to set them yourself to the position you want them.
If you raise the blinds the arrow will turn off and stop flickering.
If you do not raise the blinds while the strength of the sun decreases the arrow will gradually flicker faster.
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Version C4
When the strength of the sun is too high the right arrow will turn red and flicker to indicate that the blinds need to go down.
If you lower the blinds the arrow will turn off and stop flickering.
If you do not lower the blinds while the strength of the sun increases the arrow will gradually flicker faster.
If you then still did not lowered the blinds they will automatically go fully down.
When the sun then loses strength again the left arrow will turn red and flicker to indicate that the blinds need to go up.
If you raise the blinds the arrow will turn off and stop flickering.
If you do not raise the blinds while the strength of the sun decreases the arrow will gradually flicker faster.
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If you then still did not raised the blinds they will automatically
go fully down.

Version C0

This version has no light feedback system.
When the strength of the sun is too high the blinds will auto-

matically go fully down.
When the sun loses strength again the blinds will automatically

go fully up.

Appendix B. Questionnaire experiment 1

Perceived system personality

The statements below are about how you perceive the system to
be. There are no wrong answers. Please indicate to which extent
you think the statements apply to the system. (0 ¼ not at all e
6 ¼ completely).

1. I find the blinds system…

Reserved, Polite, Systematic, Relaxed, Creative, Talkative, Bold
(¼ daring), Careless, Calm, Superficial, Energetic, Distant, Sponta-
neous, Easily discouraged, Curious, Withdrawn, Cooperative, Effi-
cient, Moody, Liking routines

Perceived control
The statements below are about control. Please indicate to

which extent you agree with them. (0 ¼ strongly disagree e

6 ¼ strongly agree)

1. I felt that I was in control of the blinds system
2. I was able to operate the blinds system in my own way.
User satisfaction
The questions below are about your satisfaction with the blind

system. Please indicate to which extent you are satisfied. (0 ¼ very
dissatisfied e 6 ¼ very satisfied)

1. How satisfied are you with the overall blinds system?
2. How satisfied are you with the light feedback system?
3. How satisfied are you with the automatic blinds behaviour?
4. How satisfied are you with controlling the blinds system via the

tablet?

Appendix C. Questionnaire experiment 2

Perceived system personality

The statements below are about how you perceive the system to
be. There are no wrong answers. Please indicate to which extent
you think the statements apply to the system. (0 ¼ not at all e
6 ¼ completely).

1. 1. I find the blinds system…

Talkative, Cooperative, Reliable, Calm, Intelligent, Assertive,
Friendly, Persistent, Relaxed, Curious, Helpful, Firm, Creative,
Expressive, Polite, Consistent, Unemotional, Analytical, Confident,
Agreeable, Patient, Preferring routine, Knowledgeable, Objective,
Independent, Indecisive (hestitating), Impulse ridden, Dominant,
Bossy, Timid
Perceived control
The statements below are about control. Please indicate to

which extent you agree with them. (0 ¼ strongly disagree e

6 ¼ strongly agree)

1. I felt that I was in control of the blinds system
2. I was able to operate the blinds system in my own way.
User satisfaction
The questions below are about your satisfaction with the blind

system. Please indicate to which extent you are satisfied. (0 ¼ very
dissatisfied e 6 ¼ very satisfied)

1. How satisfied are you with the overall blinds system?
2. How satisfied are you with the light feedback system?
3. How satisfied are you with the automatic blinds behaviour?
4. How satisfied are you with controlling the blinds system via the

tablet?
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