


Figure 6.7: Sample trajectories of participants around the column and in front of the flat display.

Walking Trajectories

When users interacted within the circular interaction space around the column,
they created distinct trajectories (see Figure 6.7). In front of the flat display the user
trajectories showed centric and symmetric patterns that also often covered large
parts of the room. Yet as individuals preferred many different sides around the
column, their locations varied more: When comparing the variance in locations,
users dispersed themselves to more than twice as many different rows (5.6 vs.
2.3) and three times as many columns (3.7 vs. 0.93) on the marker grid on the
floor around the column compared to the flat display [Beyer 2011, P.7].

Standing Positions

Around the column users stopped at arbitrary sides and their standing positions
distribute evenly within the circular interaction space. Sometimes they also
stopped at more distant positions. In front of the flat display, the spatial behavior
of participants reveals two patterns: The 10 active users visited various positions
between the display and the distant corners of the room. But when they stopped
they clustered within the mentioned central strip in front of the display (see the
yellow dots in Figure 6.8). Users stopped nearly as often within this narrow central
strip-like region of 60cm width as within all the rest of the room (95 vs. 112
stops). With on average 7.5s they also stopped nearly twice as long within this
central region as within the off-center positions, where they remained for on
average only 4.1s. The active users stopped at all distances on this strip in order
to interact with or watch the screen and their standing positions distribute quite
evenly from close to the screen to the back of the room. In contrast, the 5
passive participants stopped and remained immobile nearby a central sweet
spot located about 1.5 meters away from the display (see blue dots in Figure 6.8).
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@ passive users

Figure 6.8: Standing positions of at least 4s duration for 12 column and 11 flat display users.

@EXD Movement Patterns

Covered Distance

With on average 47.3m participants walked significantly more around the column
than in front of the flat display where they only covered 21.2m [Beyer 2011, P.7]. The
difference is yet not as large when differentiating between active and passive
participants. The 5 passive, immobile viewers in front of the flat display
contributed with on average only 8.3m to the walking distance. With on average
34.5m the 10 active users walked more, but still less than around the column.

Walking vs. Standing

Similar is the situation in regard to the proportional time participants were
walking or standing. Around the column they walked a lot and stood only 40% of
their time, while in front of the flat display they spent 59% of their time standing.
Again, the results are diverse in front of the flat display when differentiating
between active and passive users: The 10 active users stood 54% of the time,
while the 5 passive ones remained immobile 70% of the time and only moved in
order to reposition themselves on the spot, or in one case in order to look behind
the screen. While stopping durations vary strongly between individuals, users on
average also stopped shorter around the column (see Figure 6.9). They continued
walking after on average 3.7s compared to 7.6s in front of the flat display. Of the
participants in front of the flat display the active users stopped for on average
5.7s and the immobile viewers for on average 22.1s. One outlier among the
immobile participants even passively watched the screen for long 4.2 minutes.
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Figure 6.9: Exemplary standing intervals for 6 users of both displays.

The maximum durations participants spent on a single location were also diverse
between both displays. Around the column, the average user stopped for no
more than 14s, yet the values vary between users who nearly did not stopp at all
during their stay (standing for maximal 1s) and a few users who stopped long to
examine interactivity by arm or body movements (single stops up to 52s). In front
of the flat display active users stopped for up to on average 24.2s, as well using
the longest stops to carefully examine interactivity. The immobile viewers usually
stopped only once or twice, with peak values between 34.5s and 4.2 minutes.
The stopping rates were quite similar among both displays. While users stopped
shorter around the column, with on average 8 stops per minute not more or less
often than active users in front of the flat display who on average stopped 7.3
times. In other words, users stopped shorter around the column, but in return
also walked longer. While in total all 15 participants stopped on average only 5.5
times per minute in front of the flat display, this lower value is yet substantially
affected by the immobile viewers who stopped only 1.8 times per minute.

@-EX) Body Orientation

Frontal vs. Lateral Orientation

Comparing the body orientations of participants independent from their current
activity, users spent with 69.5% most of their time with shoulders parallel to the
flat display, and significantly more than around the column which they faced
frontally in only 41.5% of their time [Beyer 2011, P.7]. Yet, these figures still include
the 5 passive viewers of the flat display who remained immaobile.
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Figure 6.10: Lateral body orientation when walking around the column (top) and frontal
orientation when standing or walking in front of the flat display (bottom).

Correlation with Walking/Standing

When differentiating between time intervals when participants were walking or
not, the data is divided and shows that the overall predominant lateral body
orientation around the column can be clearly attributed to the walking situation.
When walking, participants spent only 22% of their time with their shoulders
parallel to the column, compared to 46% in front of the flat display. But when
standing, users had their shoulders parallel to the flat display 81% of their time
compared to a similar 69% around the column, which constitutes no significant
difference [Beyer 2011, P.7]. These figures thus show a general trend to a frontal
orientation when standing. In fact, the 5 passive viewers who remained 70% of
their time immobile thereby faced the flat display frontally and thus contribute
overproportionally to the 81%. Substracting them out, active users assumed a
frontal orientation in about 70% of the standing time, regardless of the display.
Except for an outlier no linear correlation between the user position and the body
orientation could be observed in front of the flat display. While users faced the
flat display frontally when standing in a central position (see Figure 6.10 bottom), they
often also stopped with shoulders parallel to the display at off-center positions.
Only at very excentric positions they frequently faced the display diagonally.
When participants walked around the column, the angle between their shoulders
and the screen tangent usually was not completely orthogonal, but slightly
angular (less than 90°, see Figure 6.10 top). When users stopped or turned to
change the direction, this angle decreased only in the very last moment.
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Figure 6.11: Active users constantly look at where the visual feedback is.

@EX:) Viewing Behavior

Visual Focus on the Column

The video analysis showed that the answer to the question, where users are
looking at, is trivial: when interacting with the displays, participants were gazing
spellbound at the visual feedback, i.e. they were constantly fixating the spot
where new flowers were emerging (see Figure 6.11). The content is programmed
such that when used on the column, the point on the screen where the visual
feedback appears corresponds with the user’s radial position. In relation to the
users body, this point is located on the middle of the display. When walking
around the column in a lateral body orientation, users fixated the feedback by
turning their head at an angle of about 45° away from the walking direction. This
angle towards the display was further increased by keeping the shoulder angle
at less than 90° (U Chapter 6.3.5). Thus, instead of looking at the column fraction in
walking direction, the visual focus was always about on the middle of the display
with the used content. When users were standing, as discussed usually in a
frontal body position, they were looking straight towards the display. Many used
this pause to get a better overview and inspect the whole visualization on the
screen. For this, they were sometimes assuming more distant positions from the
display for some seconds. Instead of looking at the column for short intervals
only as we had hypothesized, users engaged constantly with the visual feedback
when walking and seldomly released their gaze from it.
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Visual Focus on the Flat Display

In front of the flat display users most of the time were assuming a frontal body
orientation (U Chapter 6.3.5), thereby looking straight towards the display. They also
showed this frontal viewing at off-center positions and even when performing
side-steps. To maintain the visual focus on the flowers, they had to turn their
head or body angular only when passing-by the display in a lateral orientation or
when assuming very eccentric positions within the room (compare the observed
interactions in Chapter 6.3.2). Yet users seldomly looked towards other directions.

@EXD Total Interaction Time

Users spent on average 2.49 minutes in front of the flat display and thus nearly
twice as much time than around the column, where users who engaged with it
only stayed for on average 1.32 minutes. When substracting out the 5 immobile
viewers who spent long times on a single location, the average time in the room
with the flat display even rises to 3.14 minutes. These 5 inactive participants did
never start interaction and thus left the room earlier as the active ones. In fact,
the longer engagement in the room with the flat display can be attributed to the
active users who spent a lot of time with exploring the interactivity of the display.

Measure Column Flat (all - active/passive)

Covered distance (m) 47.3 /24 21.2/137 o 345/83 @
Time spent standing (%) 40 @ 59 535/70.7

Duration of stops (s) 3.7 [ ) 7.6 5.7/221

Max duration of stops (s) 14 o 345 242 /45

Stops per minute (1/min) 8 55 . 7.3/1.8 [ )
Time shoulders parallel (%)* 415/21.3 . 69.5/17.2

...while walking (%)* 221/10.6 . 46.3/16.1

...while standing (%) 70.0/ 26.1 o 82.0/18.6 o

Location variance (rows)* 56/1.4 2.3/ .96 .

Location variance (columns)* 3.7/1.4 93/ .57 .

Figure 6.12: All statistical results (* p<.001, mean/std, yellow: higher value, grey: similar value).
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@EX:) Subjective Data

Participant Reactivity

The answers in the semi-structured interviews confirmed our observation that
participants behaved quite autonomously during the trials and showed no
substantial reactivity to the experimental situation. Especially they did not seem
to feel intimidated by the installed cameras: “As soon as you start to play
around with the media, you forget that you are observed” [Beyer 2011, P.8].
One participant who in the videos had ignored the column and also only had
looked behind the flat display stated that she did not know, as we previously had
not disclosed the objects of interest, on which of the many items in the rooms
she had to focus on. She thus perceived the room with the column as a whole.
This explains why she had been curiously investigating secondary items such as
the required hardware instead of engaging with the displays.

User Experience

The results from the AttrakDiff questionaires revealed some tendencies in the
perceived pragmatic and hedonic qualities of the two investigated displays.
There were no significant differences between both displays, possibly because
of the small sample size [Beyer 2011, P.8]. Yet the column tended slightly towards
an emotionally binding experience (self-oriented character according to
[Hassenzahl 2003]), while the flat display was rated as medium for all attractivity
dimensions (see Figure 6.13): From a global perspective (ATT), participants rated
the column display as very attractive, but the flat display only as medium
attractive. They further ascribed both displays a neutral pragmatic quality (PQ),
tending towards effective. In sum they rated the column to be of slightly higher
pragmatic quality (to be more usable, predictable, practical) than the flat display,
and were also more united on their neutral assessment of the flat display.
Participants ascribed an outstanding and consistently higher hedonic quality
(HQ) to the cylindrical column than to the flat display. In regard to the stimulative
dimension (HQ-S) they found the column more novel, innovative, creative and
facinating. They also identified more with the column (HQ-I) as they found it
more stylish, presentable, involving and professional than the flat display.
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Figure 6.13: AttrakDiff portfolio for the column (C) and the flat display (F).

Understanding Interactivity

The answers of participants confirmed what could already be seen in the videos.
The 5 participants who had remained inactive and immobile in front of the flat
display (0 Chapter 6.3.2) confirmed that they had not understood interactivity and
considered the appearing flowers to be random. Some of them had expected to
be offered television by the flat display (see Figure 6.14). Beyond the 3 participants
who either had ignored the column or mainly tried unsupported actions, the one
who had acted very passively also stated to not have understood interactivity.
Others could exactly describe how they could affect the content, e.g. that one
could draw a trace of flowers by left-and-right movements onto the column.
Some understood interactivity in general, but the actual scope of control only
unsufficiently. For example, one interviewee falsely assumed that the flowers
could be controlled with back-and-forth movements in front of the flat display.

Participant Self-Perception

The interviews revealed interesting findings on how participants perceived the
two displays and their own behavior in front of them (see Figure 6.14 and compare
[Beyer 2011, P.8]): Outstanding was the fact that multiple interviewees compared
the flat display to a television screen. Some described their experience in front of
the flat display as static and their positioning as frontal, compared to a more
active, dynamic and movement-stimulating experience around the column. One
participant reported that the column felt closer than the flat display.

154



“‘For me, round is more comfortable than square. It was more organic.
The flat was like a television feeling. The round was more dynamic. TV is
more static.” (P3)

“You stand in front of it like in front of a TV. [...] It was more like a TV
situation: you paosition yourself in front of it and think: what happens now.
With the column you are engaged more actively [...] With the column you

immediately had the feeling, you do more with it.” (P7)

‘I come in, position myself in front of it, and initially | wait. With the column
you walk around in this moment, you don't do it here. Here you stand in
front of it and say, ok, like television. \What am | offered here?” (P4)

“The column was more spatial. It was more interactive because one

moves more. [...] It is better if you can move around a fixed point than
back and forth.” (P1)

Figure 6.14: User statements on their self-perception around the displays.
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6.4 Interpretation

The observed different interactive, spatial
and viewing behaviors

can be traced back to the distinct display
gualities, to individual user expectations, and to
the used interactive content.

@-X’XD Observed Different Behaviors

Unaware Initial Interaction

Around the column display, the moment when users became aware of the visual
feedback was clearly recognizable in the observations. Participants who noticed
it while walking, suddenly showed surprise or orientation reactions (O Chapter 3.3.8)
towards the emerging visuals just after they had fixated them while scanning the
room for salient stimuli. Another pattern is that 69% of the active users (9 of 13)
suddenly stopped for some seconds after discovering the feedback. This did not
only happen at the door when people first saw the column, but also when users
were surprised by the visual feedback late when they were already walking within
the room for some time. After they stopped they shortly inspected the visuals,
possibly reflecting now that they just had caused the effect. When walking on
they constantly fixated the point of motion, which indicates that from now on they
were immersed in and identified with the visual feedback. With the flat display, the
moment when users noticed interactivity was harder to perceive as they initially
were not walking along the screen as with the column and thus no orientation or
surprise reactions to the visual feedback could be observed. Instead, people
immediately oriented their attention towards the flat display when entering the
room, turned towards the screen and stopped in a central position in front of it.

} Around the column, the moment when people notice interactivity is

easier to perceive due to sudden orientation and stopping reactions.
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Role of the Content for Noticing Interactivity

The used interactive content and how it is related to the situation how people
entered the rooms played a decisive role for noticing interactivity. Its functional
principle is a causal one: the initial movements of passers-by along the display
cause flower effects at their current position. When entering the room with the
column, 66% of the 15 participants immediately looked at the visual feedback to
their movements, became aware of and fullly focused their attention on it. The
remaining 33% who either noticed interactivity late or never, did not look at the
column instantly when walking in, only after they had already stopped to inspect
the room. But at this time the flowers on the screen were not moving any more,
just slowly fading away (O Chapter 6.2.4), such that viewers could not conceive any
correlation between the visuals and themselves. In other words, the used content
only conveys interactivity when people are in motion. The 20% who still noticed
the interactivity of the column later, did so only when they were moving on again.

} In the case of movement-driven visual feedback, people will only

notice interactivity if they look at the display while in motion.

Superimposing Factors

In the room with the flat display the bright display itself was the primary attractor,
superimposing all information by the visual feedback. Those who had noticed
the feedback in the beginning soon started to interact explicitly with the screen.
But those who still had not noticed the feedback, instead of moving on as
around the column and get a second chance to discover it, remained immobile.
The interviews revealed that these passive viewers associated the framed
display with television and expected to get offered respective content instead of
having to become active themselves. They remained such static that they did not
notice the feedback until they left the room. Four users incorrectly interpreted a
video camera as interaction sensor. Around the column, two participants ignored
it completely and instead inspected hardware in the rooms. They had expected
to have to search the rooms for specific items (O Chapter 6.3.8), and it seems that
the applied reframing procedure had affected them in an unfortunate way.

} Individual expectations on a display shape such as the association

of a flat display with television can affect if people notice interactivity.
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Carry-Over Effects

Due to the repeated measures design, participants may already have learned of
interactivity when visiting the second display. All 3 users who had visited the flat
display first and learned about its interactivity, belonged to the 10 who noticed
the visual feedback on the column early, and all 4 users who had visited the
column first and learned about its interactivity belonged to the 8 who noticed the
interactivity of the flat display early. Yet as visitors of the second display showed
the same initial reactions as first-time users, prior knowledge may also only have
affected their behavior after they noticed interactivity. Participants further showed
a constant individual performance in learning the interactivity of both displays.

} The repeated measures design of the lab study may have affected

how participants learned about the interactivity of the displays.

Indicators for Understanding Interactivity

The scope to which users understood interactivity was revealed by the actions
they could reproduce in the interviews, their visual focus and explicit interaction
with the feedback and the persistence with which they examined functionality.
Around the column, 85% of those who noticed the feedback (11 of 13) fixated
the flowers continuously while moving along the display, which shows that they
intuitively understood its reactivity and attributed the visual effect to themselves.
While fixating the feedback, they also started to change directions, wave their
hands or move the upper body. Many users told us that they noticed interactivity,
but were unsure about the full scope of the functionality. Only 3 discovered that
speeding up affected the size of the visuals. The flat display did not only convey
interactivity less effectively than the column, but people also had difficulties to
discover its functionality which was less self-explaining here. This resulted in
strong explorative behavior and users spent much time examining unsupported
functions. Still 60% understood the movement-reactive interaction principle and
performed supported actions such as passing sideways or moving arms, but
they did not continuously perform these actions as with the column, as moving
sideways did not feel as natural as compared to moving around a fixed point.

} The strong explorative behavior in front of the flat display revealed

that it conveyed the functionality less effectively than the column.
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Circulating around the Column

The study revealed significantly different spatial and movement patterns between
both displays. Around the column, users showed a strong walking activity, moved
within a circular interaction space and to various sides as hypothesized. People
walked 60% of their time and with 47.3m covered 40% more distance than active
users of the flat display. Interviewees described this movement around a fixed
point as more comfortable and engaging, and the UX evaluation confirmed this
more stimulative experience around the column. Stimulation of movement was
the design goal behind the content, but the qualities of the semi-framed column
bring it to its best use: the lack of boundaries on the left and the right gives users
more degrees of freedom and enables them to move freely around the cylinder
and proceed where they would have to stop at the boundaries of a framed
display. That also users who did not understand interactivity moved around the
column indicates that also the cylindrical shape contributes to this stimulation.

} The semi-framed column encourages passers-by to move around it,

especially in combination with a movement-stimulating content.

Sweet Spot of Passive Users

In front of the flat display many users also moved, but often stopped at central
positions. Taking a closer look if participants interacted or not, behaviors differ
between active and passive users: Those who did’nt notice interactivity remained
immobile during their stay within an enclosed central area 1.5 meters away from
the screen and just looked at it. Interviewees later reported that they felt like in a
television situation and expected respective content. This pattern of passive
viewers standing frontally within a defined sweet spot aligns well with Manovich'’s
theory of imprisonment of the viewer’s body in front of rectangular screens by the
requirements of the image perspective [Manovich 2001, P.106]. When discovering the
rectangle, these viewers anticipated television viewing, positioned themselves
within the “prison” and expected the viewing regime to take over. At this position
the entire frame was still in their visual field and they could see the screen from
the best perspective. Yet the immobility prevented that they noticed interactivity.

} The display framedness caused the immobility of the passive viewers

within a spot and thus prevented that they discovered interactivity.
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Central Positioning of Active Users

Participants who had noticed the interactivity of the flat display moved within the
entire room while interacting, but often positioned themselves within a central,
strip-like region in front of the display. Those active users evenly covered all
distances on this central axis from close by the screen to the back of the room
and stopped there much more often and nearly twice as long than at offside
positions. This cannot be simply explained by users seeking the best viewpoint.
Instead, their spatial behavior seemed to be strongly related to their mental
immersion in the visual feedback when interacting: To influence the felt feedback
position, users moved some steps in any direction, but once they reached the
screen boundary they avoided to leave the virtual space with their visual effect
and instead strived back to the center of the screen where they had the most
action possibilities and preferred to move back-and-forth and interact with the
arms. Similarily, [Michelis 2009, P.147] observed that users positioned their mirror
representation towards the center of the screen to avoid looking at a cut-off
mirror image of themselves, which points to possible relations between self-
attribution, gestalt laws and the ambition of users to sustain the virtual illusion.

} Active users often stopped within a central, strip-like region in front

of the flat display where they could best sustain the virtual illusion.

Frontal vs. Lateral Orientation

The body orientations of users differed significantly between the column and the
flat display in the walking situation. When walking, users almost 80% of their time
moved laterally around the column and used the arm that was closer to the
screen for interaction. Instead, in front of the flat display the frontality was such
dominant that users maintained their shoulders parallel towards the display half
of the time when walking, seemingly as this was more comfortable. When
standing, not only the passive television viewers, but also 70% of the active users
of both displays assumed a frontal body orientation. It seems that when standing,
frontality is preferred regardless from the fact if a frame is present, and we mainly
attribute this behavior to the ambition of users to get an overview of the screen.

} Standing users prefer a frontal orientation regardless of the display,

and a lateral body orientation only when walking around the column.
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Fixating the Feedback

Other than hypothesized, the viewing behavior was not determined by the
walking direction, but by the mental immersion in the virtual effect. With the used
interactive content that first attracts attention and then stimulates user movement
by visual feedback, the question where users look at is trivial: almost the entire
time they focused their attention on the visuals and fixated the point of motion.
When walking around the column users concentrated so much on the virtual
effect that they ignored the surrounding physical space and the display as a
whole. Only when they stopped they showed an overview behavior, shifted their
attention towards the whole visualization and often stepped back to more distant
positions to get the entire display into their visual field. This concentration on the
visual feedback could also be observed in front of the flat display. It remains
open how this virtual viewing regime interplays with a conscious perception of
the display frame when users stopped at the screen boundaries or repositioned
themselves centrally and frontally in relation to the frame. The constant attention
focus on the visual feedback demonstrates how the viewing direction is affected
by the specific content, and that this might be quite different with other visuals.

} The viewing direction of users is more determined by the mental

immersion in the visual feedback than by the walking direction.

Time Spent for Interaction

In contrast to our hypothesis, users did not engage longer with the novel, moving
and spacious column, but spent about twice the time with the less-performing
flat display. This shows that user engagement does not necessarily correlate
positively with factors such as attractivity, understandability or movement activity.
The longer dwell times in front of the flat display are explained by the strong
explorative behavior of users. While the natural movement around the column
quickly explained the interaction, the expectations and initial central positioning
of users made it difficult to learn the functionality of the flat display. Thus users
spent a lot of time with examining assumed further functions, and this exploration
of the functionality became an emergent goal during their stay [Michelis 2009, P.161].

} If the display functionality is not immediately understood, this can

lead to longer dwell times due to testing and explorative behavior.
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@'} Limitations

Artificial Lab Setting

The lab constitutes a low-ecological setting where behaviors can differ and thus
cannot be generalized to the real out-of-home world. It excludes formal factors in
public space such as the sight relations, contrasts and contours of the built
environment. Instead, functional signs by the visible lab hardware can convey
unwanted demand characteristics. The isolated lab environment also leaves out
any situational variables such as competing stimuli, light conditions, weather,
pedestrian traffic or social interactions with bystanders, and subjective factors in
public space such as the expectations, the situational involvement and the
habituation of real passers-by who encounter out-of-home displays incidentally
and repeatedly. Instead, lab participants may arrive with raised expectations,
and the study situation can induce situational involvement and reactivity.

Spatial Conditions

The limited space is a major limitation of the lab. While public displays are often
deployed such that they are already visible from the distance, lab participants
are suddenly standing in front of them when entering the rooms which affects
how they become aware of them. Further, the room situation can cause specific
behaviors, such as for example the observed behavior that participants first
scanned the room from one wall to another to get an overview, and as a
consequence initially ignored the investigated column display. The confinement
by the room’s walls may also affect user positions and movement patterns and
define the interaction space. The available approaching trajectories in the lab do
also only, at the very most, resemble quite specific situations in the real world.

Study Design

Some specific design decisions of the study also limit its generalizability. As only
single-user behavior was investigated, no conclusions on the behaviors of pairs
and groups or social interactions between users can be drawn. The repeated
measures design allowed to compare the behaviors of the same individuals with
both displays, but visiting four displays one after another possibly evoked carry-
over effects and made participants learn about the presence of large displays
and their interactivtiy over time. Finally, the small sample size and the self-
selection of study participants limit the generalizability. For example, no kids or
elderly people participated, but possibly some with special interest in the study.
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Specific Display Designs

The findings of this study may not be generalizable to arbitrary columns and flat
displays of any scale, ratio and framing. For example, the central positioning of
users that we observed in front of our spatially limited flat display with its clearly
delineated rectangular frame may not occur in front of very wide, semi-framed
flat displays where no left and right boundary is visible for the user. Quite the
contrary, when users are standing in front of large multi-display configurations,
the frames that are created by the single sub-units may induce their own
positioning effects and override those of the whole display. Further, the strong
walking activity and circulation of users that we observed around our seamless
column display may not occur with columns with other, smaller or larger
diameters or such ones with surface roughness (O Chapter 4.1.3). For example,
polygonal columns that consist of multiple framed sub-units may also produce
similar central positioning effects as observed in front of our flat display.

Role of the Content

The results of this study are also content-dependent, as the interactive content
used with both displays was specifically designed to actively stimulate user
movement (O Chapter 6.2.4). This content works best when the user is moving to
the left and to the right in front of the screen and thus gives advantage to semi-
framed displays such as the column. It also ideally interacts with the natural
movement around the cylindrical column. In contrast, the affordances of this
specific content are harder to discover in front of a flat display where users
initially approach frontally and stop within its center. Also the left and right frame
boundaries, which demand users to turn repeatedly when moving sideways,
limited the attractivity of the used content with the flat display. Yet other contents
may be found which provide stimuli strong enough to make users to perform,
despite the positioning stimulus of the frame, strong lateral movements in front
of framed displays, or static behavior in front of columns, or which even evoke
completely different movement patterns, user actions and viewing behaviors. For
example, a mirror image of the user on the screen may not generate strong
lateral movement around a round column, or an interactive ball game may make
users to turn their head and look towards quite other screen regions.
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@K Open Issues

Summarizing the findings and limitations of the lab study with the column and
the flat display, the following issues are left open at this point of research:

Field Behavior
How do real passers-by behave around interactive cylindrical columns
and flat displays in an ecological valid setting?

Multiple Users
How do multiple users interact around columns and flat displays,
both with the screen and with each other?

Visual Frames
Is the central positioning indeed just caused by the regtangular frame,
or do also other factors such as the screen area play a role?

Behavior Shaping
Can positioning effects such as the observed ones also be evoked by
just displaying virtual frames”?

Display Shapes
Can the behaviors observed around the column and the flat display
be generalized to other semi-framed respectively framed displays?

Other Contents
How do other interactive contents than the used one affect user
behavior around the two evaluated display shapes?

Evaluation
How can different display qualities such as the ones evaluated
in this study be compared in a field setting?
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6.5 Takeaways

Large cylindrical column displays and

flat rectangular displays

influence user behavior around them differently
which should be considered when designing
interactions for them.

@:XXD Recommendations for Columns

Strong Walking Activity

With the used interactive content, people walked around the cylindrical display
from the beginning. This movement seemed to be natural and self-developing.
As advertising columns are usually freestanding and deployed were people walk
(O Chapter 2.2.2), the interactive content can take up this passing-by movement.
Visual feedback to the initial movements of passers-by can be displayed to
induce an unaware initial interaction, and if people stop when being surprised,
the feedback can also actively stimulate them to move on around the column.

R 6.1 Design for Walking

People walk around columns from the beginning, which makes them ideally

suited for transfering the intitial passing-by movement to lasting interaction.

Circular Interaction Space

In this study, users did not only walk a short distance alongside the column, but
often rounded the semi-framed display to discover the whole circular interaction
space. Interactive contents can make use of these circular trajectories around
the column. For example, interactive tales can be told which encourage people
to walk infinitely around the column, or multiple users can be dispersed within
this very wide interaction space to interact with each other [Beyer 2008, P.53f].
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R 6.2 Make Use of the Movement around Columns

People circulate around columns to discover the whole interaction space

around them, and contents should make use of these trajectories.

Variable User Positions

Other than with flat displays, users could not use left or right frame boundaries to
orient themselves when interacting around the semi-framed column. Thus, they
stopped at arbitrary positions instead of at predefined ones. Individuals also
preferred different sides of the column where they repeatedly moved back and
forth. So instead of designing contents for a defined position, contents should
work for variable locations and all sides of the column where people can move.

R 6.3 Design for Variable Positions

As users stop at arbitrary and unforeseeable locations around columns,

contents should work for variable user positions and all sides of the screen.

Lateral Body Orientation

The study revealed that users assumed a lateral body orientation when walking
around the column. In this situation, they usually only used the arm facing the
display for interaction, while it was not comfortable to use the averted arm. For
this reason, gestural interactions around the column should be limited to the arm
facing the display. It should also be considered that the dominant hand faces
the display only in one walking direction, and that in a lateral body orientation
arm movements against the walking direction (towards the dorsal) are difficult.

R 6.4 Design for One-Hand Use

In the lateral body orientation that users assume when walking around the

column, it is only comfortable to interact with the arm facing the display.
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@:X-¥) Recommendations for Flat Displays

Immobility of Passive Viewers

In this study we used a display with 16:9 aspect ratio similar to common screens
of home television. Due to their prior knowledge of this format some participants
anticipated television viewing and remained passive in front of the screen, which
effectively prevented that they noticed interactivity. Such specific associations of
users with certain displays have to be considered and measures have to be
taken that novice users understand the purpose and interactivity of the display.

R 6.5 Consider Individual User Expectations

Due to their experience passers-by can associate certain flat displays with
television viewing, which then can prevent the discovery of its interactivity.

Central Standing Positions

The flat and framed display encouraged users to head for central positions in the
beginning and also frequently later, where they remained for some seconds. Yet
users passed it sideways at most only shortly, as this movement did not feel as
natural and comfortable as around the column. These central positions which
are seeked by users themselves can be used as starting point for more complex
contents. If the design goal is instead to make users move, the back and forth
movement on the central axis that users preferred in our study can be used.

R 6.6 Design for Central Standing Positions

As users often position themselves centrally in front of framed displays, this
position can be used as starting point for contents with higher complexity.

Frontal Body Orientation

In our study, users did not only face the flat display frontally when standing, yet
often also when walking. In this frontal body orientation they used as well one or
both arms for gestural interaction. Accordingly, interactive contents for framed
displays can include both arms if needed, and as the arms are in equal distance
from the screen, assume that they can perform the same symmetric movements.
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R 6.7 Design for One-Hand or Both-Hand Use

As users often face flat displays frontally even when walking, contents can

revert to both arms for gestural interaction with the screen if needed.

@1 Designing Interactive Contents

Unaware Initial Interaction

The interactive content used in this study was designed to stimulate motion, and
thus only provided visual feedback when people were in motion. This content
quite effectively communicated interactivity when users were walking around the
column, but in situations where the approaching users stopped before they
looked at the screen the first time, no unaware initial interaction happened. Thus
in situations where people can stop before they look at the screen, the visual
feedback has to make the correlation clear also when the viewer is not in motion.

R 6.8 Design Effective Visual Feedback

In order to effectively communicate interactivity, visual feedback should be

noticeable as such both when passers-by are moving and standing.

Immersion in the Feedback

The visual feedback was effective in directing the users’ focus of attention. When
they were mentally immersed in and identified themselves with the virtual effects,
they most of the time fixated the point of motion with their eyes and ignored their
surroundings. With such interactive feedbacks that constantly attract the viewers
gaze, no further assumptions on the viewing behavior have to be made. Yet this
mechanism may cause change blindness in regard to the rest of the content.

R 6.9 Actively Direct the Viewing Behavior

Interactive visual feedback can be used to capture the user’s visual focus

in one point and thus control and actively guide the viewing direction.

168



Movement-Stimulating Content

The interactive content used in this study took advantage of the qualities of the
round and semi-framed cylindrical display. For this reason it performed better
with and thus favored the column. While we used the same content for both
displays in this study to ensure comparability, in practice for each specific
display shape the functionally most effective content should be used.

R 6.10 Use Format-Supporting Contents

On each display shape only such contents should be used that have been
specifically designed considering its individual qualities.

@X-X) Measuring Behavior

Reframing Procedure

Due to the reframing procedure we lost two participants who, instead of focusing
their attention on the interactive display prototypes, assumed they had to search
for items on the museum tour and thus were distracted by other parts of the lab
such as the computer hardware. Such effects can be avoided by giving more
precise instructions, by hiding the hardware, or by dimming the light to simulate
night time conditions and thus direct the attention to the illuminated displays.

R 6.11 Reframe Carefully and Minimize Distractions

If the reframing is not done carefully, this can lead to excessive reactivity
among participants and influence their behavior in an unintended way.

Video Observation

With the exogenous perspectives of the multiple cameras that we had installed
at the walls of the lab rooms, the analysis of user positions, trajectories and body
orientations required enormous effort. It would have been easier to just use one
camera filming the ground plane from the ceiling, or the fisheye sensor of the
column which also would have facilitated the analysis of the viewing behavior.
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R 6.12 Use Suited Camera Perspectives

The analysis of user positions or trajectories around large displays can be
facilitated in the lab by a camera perspective from the ceiling to the floor.

Subjective Methods

In this study, we obtained subjective user opinions by semi-structed interviews
and questionaires. While the user statements explained some of the observed
behaviors, their validity is limited as users often did not consciously perceive the
investigated human factors. A joint interviewer-participant video debriefing would
have allowed to inquire participants’ subjective experience of single events during
the trials, and it would have helped to better understand why they reacted to the
visual feedback in a specific situation or why they assumed certain positions.

R 6.13 Interrelate Findings by Video Debriefing

Interrelating the objective and subjective findings by video debriefing can

help to better examine single behavioral events that occurred in the trials.

Lab Study

The lab setting involved many limitations for measuring user behavior around the
two large displays, even beyond evident issues such as low ecological validity
and participant reactivity (O Chapter 6.4.2). Especially, a genuine baseline behavior
to which the measured user reactions could have been compared was missing.
The repeated measures design allowed to compare the individual performance
of users, but also affected their behavior. As observational field studies allow to
analyze real audiences at the same level of detail, they should be preferred.

R 6.14 Consider Field Studies

In regard to the investigated human factors around large public displays,

field studies allow to analyze real audiences at the same level of detalil.
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CHAPTER 7

SEAMLESS VS.
FRAMED COLUNVN

Audience Behavior around
Seamless and Framed Interactive
Advertising Columns



/.1 Background

When multiple passers-by encounter an
Interactive Advertising Column

they can use the wide space around it, yet in
contrast to really round columns framed ones
might affect user positions.

@ XREKD Audience Behavior around Interactive Columns

The validity of the lab study with the Interactive Advertising Column presented in
the previous chapter was limited by factors such as the artificial setting, the
limited space in the lab and the fact that it involved only single users and
voluntary participants who were aware of the research context (O Chapter 6.4.2).
This study did not cover the complex situational factors and social interactions
between multiple and arbitrary passers-by in the wild. Thus we wanted to explore
unbiased audience behavior and all issues of attention, interactivity, spatial and
social behavior within an ecologically valid setting in a follow-up field study.

@ X¥ Comparing a Seamless with a Framed Column

For cost reasons sometimes industry-standard flat displays are used for creating
non-planar displays that approximate cylindrical or other seamless shaped
displays. Yet such polygonal multi-display configurations are effectively squaring
curved surfaces to several flat rectangular screens again and thus might affect
user behavior differently than the truly round non-planar shapes that they
approximate (O Chapter 4.2.2). For example, a round advertising column can be
simulated by combining eight flat displays to an octagon (see Figure 7.1), yet the
single frames might affect the user positions around it according to Manovich's
theory on the influence of frames. If such a framedness and thus more display
qualities than just the basic shape, the rough form factor canaffect user behavior,
is another issue that we wanted to examine in a second study with the column.
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Figure 7.1: If an interactive advertising column is framed this might affect user positions.

@& XKD Questions and Issues

In regard to the first issue of general audience behavior around interactive
advertising columns in the wild we were interested in how passers-by become
aware of them and thow they move and interact around them. In the first place
we were interested in how the curved cylindrical screen which imposes major
challenges to visibility (O Chapter 4.3.1) attracts attention and communicates
interactivity and how passers-by notice the displayed visual feedback. Then we
were interested in how people position themselves around columns, in how
multiple users distribute themselves around them and which social constellations
they assume within the large 360° interaction space. In regard to the issue of
whether framedness can influence the positions of single and multiple users
around columns as well as the social constellations between them, a particular
challenge was to find a way to compare a seamless and a framed column in a
comparative field study while maintaining the same external conditions such as
the surrounding space, the approaching trajectories and the flow of passers-by.
Finally, as we had observed in the lab study that users circulated continuously
around an interactive column, another question was if this still holds true without
the spatial limitations of the lab and when displaying other interactive contents.
The main issues related to this field study can be summarized as follows:
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Q 7.1 General Audience Behavior around Columns
Which behaviors and social constellations do multiple users show
when interacting with interactive advertising columns in the wild?

Q 7.2 Noticing the Interactivity of Columns
How do passers-by notice the interactivity of column displays that
provide visual feedback to their initial movements?

Q 7.3 Effects of Framedness on User Positioning
Do the multiple frames of polygonal columns affect user positions and
user constellations compared to really round columns?

Q 7.4 Distribution around Columns
How do multiple users distribute around the circular interaction space
of interactive advertising columns?

Q 7.5 Circulation around Columns
Do users also circulate around interactive columns with the spatial
conditions in the field and different types of interactive contents?

Q 7.6 Evaluation of Columns
How can a seamless column be compared with a framed column in
a field setting while maintaining the same external conditions?
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/.2 Field Study

We conducted a field study with the
Interactive Advertising Column

to explore audience behavior around it and to
analyze If user positions can be affected by
added visual frames.

@& XXD Study Context

To explore how passers-by notice and behave around interactive columns and if
they would position themselves differently around framed columns compared to
round ones we conducted a field study with the Interactive Advertising Column.
This work was done together with Florian Kéttner, Manuel Schiewe, Ivo Haulsen
and Andreas Butz. The study was conducted over a period of five weeks in June
and July 2012 in Munich. Partial results of the study have been published at the
CHI 2013 conference under the title Squaring the Circle: How Framing Influences
User Behavior around a Seamless Cylindrical Display [Beyer 2013], and at a
conjunct workshop under the title Communicating the Interactivity of differently
shaped Displays [Beyer 2013B]. The Multi-Kinect framework used in this study was
developed by Florian Kéttner as part of his diploma thesis [Kottner 2012].

Idea Investigating Audience Behavior around an Interactive Column Display
Type Observational Field Study

Directing Gilbert Beyer, Florian Koéttner

Hardware Florian Koéttner, Manuel Schiewe, Ivo Haulsen, Gilbert Beyer

Software Multi-Kinect Framework [Kottner 2013], Rendering [Dingeldey 2010]

Date 25 June—22 July 2012

Location Entrance hall of Schellingstr. 3, University of Munich

Prototype Interactive Advertising Column

Publications CHI 2013 Conference [Beyer 2013], CHI 2013 Workshop [Beyer 2013B]
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@&XX Hypotheses and Assumptions

Noticing Interactivity around Columns

We anticipated two challenges for a successful unaware initial interaction with
interactive advertising columns: First, due to the curved, convex screen and the
various approaching trajectories it would be more difficult for passers-by to
attribute the visual feedback to themselves when approaching from different
angles (O Chapter 4.2.1). Second, for people passing the column tangentially the
visual feedback would have to be eye-catching and moving, and to be displayed
slightly ahead to be noticeable in the periphery of the visual field (O Chapter 3.1).

Effects of Framedness on User Positioning

While in the lab study we had only observed a central positioning of single users
in front of a single display frame (O Chapter 6.3.3), we assumed that similar
positioning effects may also be caused around a column divided by multiple
frames. This hypothesis on the framedness quality (O Chapter 4.1.2) can be tested
in a comparative study between a framed and an unframed column and by
measuring for both conditions how often users position themselves within the
central 50 percent of the frame sections in relation to the remaining space.

Effects of Framedness on Social Constellations

We further assumed that frame sections around columns would also affect
multiple users and their social constellations and cooperation with each other.
This may yet also depend on the current user activities and roles. In particular
there might be differences between active users and passive spectators just
observing other group members. This can be analyzed by recording the activities
of each user at any point in time and then correlating them with the positions.

Distribution around Columns

We assumed that multiple users and especially members of larger groups would
disperse themselves around the column and use the large circular interaction
space instead of accumulating just at one spot.

Circulation around Columns

Finally, as we had already observed that single users circulated continuously
around a column deployed in the lab (O Chapter 6), a similar behavior might also
be observable in this field study. Yet the circulation in the lab might also have
been caused by the movement-stimulating content or the spatial conditions.
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Studies with Interactive Columns

In [Beyer 2011] we compared user behavior around the Interactive Advertising
Column and in front of a single flat display in a lab study. [TenKoppel 2012]
report on user behavior around polygonal display configurations, including
one hexagonal display. Besides that interactive columns are investigated in
the context of other domains than public displays, such as in [Kim 2012].

Noticing Interactivity

[TenKoppel 2012, P.6] report that many people noticed the interactivity of their
hexagonal display too late and did not stop. In [Beyer 2014] we examine how
passers-by notice the interactivity of a long display that is approached from
the side and thus faces similar challenges of difficult viewing angles and
untypical walking trajectories. [Michelis 2009] and [Miuller 2012] conducted studies
with standard flat displays installed behind shop windows in this regard.

User Positioning and Framedness

In [Beyer 2011] we analyzed how users positioned around a column and a flat
display and attributed the observed central positioning of users in front of
the flat one to the framing theories by Manovich and Pinhanez (O Chapter 6).
[TenKoppel 2012] discuss user positions around polygonal displays in the
context of the rough form factor, but not in regard to further display qualities
such as framedness or seamlessness of shaped displays. [Fischer 2012]
define different types of spaces in front of displays relevant to this work.

Distribution around Columns

[TenKoppel 2012, P.7] report that members of groups formed a passive audience
around a single player in front of one of the displays of the hexagon,
instead of dispersing to the remaining interaction space around it to
interact themselves. They attribute this cohesion of the group to the
maintenance of a shared attention area among its members.

Circulation around Columns

In [Beyer 2011] we found that users circulate constantly around the Interactive
Advertising Column within the spatial conditions of a lab and when using a
movement-stimulating content. [TenKoppel 2012, P.6] report that users follow a
curved path around the hexagonal configuration in the beginning.
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@ XX) Study Design: Ensuring Seamlessness

To investigate the effects of framedness on user positioning, we used the same
round column display to simulate both a framed and an unframed condition
instead of comparing it to a separate polygonal display. This had the advantage
that these two study conditions could be compared under the same external
conditions and all other parameters that could influence user behavior such as
display materials, illumination technology and installation site be maintained
constant. As we wanted to measure how framedness influences user positions
and not other attributes of the display shape, the sensors, interactive content or
interaction style, we had to ensure seamlessness on different levels in this study:

Challenges of the Study

Seamless Cylindrical Screen Seamless Interaction Space

Seamless Interactive Content Unbiased Interaction Style

First, the used seamless cylindrical screen (O Chapter5.2.2) avoided any edges that
could influence user behavior, and the framed condition was realized by just
displaying virtual rectangular frames on this same column. This solution did not
create the flat faces of a real polygonal display, but allowed us to isolate the
framedness variable and investigate changes in user behavior by just activating
this one switch. Second, a seamless interaction space around the column had to
be ensured, as for investigating the influence of frames on user positions it was
important that the sensor technology did not restrict interaction by invisible dead
zones. This transition-free circular interaction space across eight Kinect sensors
was realized by designing the Multi-Kinect version of the Interactive Advertising
Column and in this context also the sensors were integrated as unobtrusively as
possible to not affect user positions (O Chapter 5.2.3). Third, as also the content
can influence user behavior in front of a public display and even to an extent that
can override effects caused by certain display qualities, a seamless interactive
content without any discontinuities around the column had to be used. Finally,
an unbiased interaction style had to be ensured where the interaction principle
did not require users to perform any specific poses or extraordinary gestures that
could influence user positions, e.g. to stretch out their arms widely to perform an
action which would prevent other players to assume nearby positions.
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@ XX Interactive Content

Baseline Content: Interactive Ball Game

The baseline content in the study was an interactive ball game. When passers-by
entered the sensor space around the column, Kinect skeletons were displayed.
Once people recognized the abstract mirror representations of themselves, they
were able to push falling balls in any direction or to other players. This content
was continuous around the column and did not demand any specific gestures.
We chose a space-saving skeleton representation as real mirror images would
appear distorted on the curved 360° display (O Chapter 3.3.3), and as we also
wanted to display all body parts including the legs. If people were passing the
column tangentially and a skeleton could not be detected, a strongly moving
particle cloud was displayed slightly ahead of them to attract their attention.

Study Conditions: Unframed vs. Framed Column

In the framed condition of the interactive ball game gray visual frames were
displayed on the screen (see Figure 7.2). To isolate framedness as a single
variable, the frames were just a visual overlay on the baseline content which
represented the unframed condition. This way users and objects were displayed
at any position behind the virtual frame bezels and could seamlessly transition
between frames. The frames divided the column into eight rectangular sections
so that it resembled an octagon. The 16:8 aspect ratio approximated a classical
screen format and the bezel width of 2.4 cm was determined in a field overview.
We refrained from randomizing the positions of the frames which would have
allowed to eliminate possible effects of the sensors, but also would have made
the experimental conditions and the analysis of user positions very complex.

Switching the Conditions

While switching the conditions constantly or several times a day may at first
seem to minimize temporal effects and increase variation for recurring users, we
found that the traffic and population at the deployment location alternated greatly
between and within days, but distributed similarly for the same days of a week.
For example, the peak times occured between lectures, and students of different
disciplines and attendees of postgraduate education or public events preferred
specific days and daytimes. Yet in particular as we wanted to avoid a change of
conditions at times when users could observe it, which would possibly influence
their judgment of the frames, we decided to switch the conditions weekly.
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Figure 7.2: Interactive Advertising Column displaying visual frames in addition to the ball game.

@& ZXX) Deployment and Setup

Deployment within an Entrance Hall

Following weeks of pretests, the Interactive Advertising Column was deployed
for four weeks in a large entrance hall of a university building open to the public.
The highly frequented building housed different disciplines such as linguistics,
dramatics, physics or social sciences but also many non-academic courses, a
cafeteria, cultural and other non-recurring events, thus providing a steady flow of
novice users. According to the typical deployment locations of indoor columns in
shopping malls and other public buildings (& Chapter 2.3.2), the column was
positioned in a freestanding and central location within the hall, in the middle of
an area where the main walking paths from all directions intersect (see Figure 7.3).

Hardware and Procedure

The Kinect sensors were integrated as unobtrusively as possible to avoid that
users would recognize them and consciously or unconsciously align themselves
to them (O Chapter 5.2.3). Also five computers for running the column and two for
the video observation were hidden in the periphery such that they did not distract
from the column or reveal the research character of the installation. The column
was booted up daily at 9 am shortly before the arrival of the first students and
shut down at 7 pm, the time when the frequency of passers-by usually dropped.
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Figure 7.3: Deployment location of the Interactive Advertising Column within an entrance hall.

@& XX Data Collection

During the four weeks of the field study behavioral data around the column was
aquired by several methods that complemented each other. Objective methods
included field observation, multi-camera video recordings and sensor logging,
and subjective data was aquired by semi-structured interviews [Beyer 2013, P.5]:

Data Collection

Field Video Sensor Semi-Structured
Observation Recordings Logging Interviews

Field Observation

During the whole evaluation period, a field rater was hiding in a concealed
chamber in the periphery where he could not be seen or anticipated to not affect
the judgement and behavior of passers-by. From here he took qualitative notes
on new and individual user behaviors and controlled the observation software.
Additionally, the building’s porter’s lodge provided an unsuspicious place from
which the building’s desk officer could also monitor that everything was going
well around the column without attracting attention.
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Multi-Perspective Video Recordings

For a later qualitative review of single behaviors and a quantitive analysis of the
events under investigation, videos were recorded from 4 camera perspectives
and synchronized to a single video using the Noldus Media Recorder software.
The multi-view camera system allowed us to observe the whole interaction space
around the column as well as the approaching pathways. We refrained from
using video data from the eight Kinect sensors integrated into the column as we
wanted to observe how user actions correlate with screen effects. Further the
exogenous camera perspectives seemed more suitable for analyzing behaviors
than separate centric field of views of the Kinects as they provided absolute user
positions around the column and views on users from different perspectives.

Sensor Logging

For each user interaction log data from the Kinect sensors such as date, time,
duration, absolute and relative user positions, distance to the column and body
orientation was collected. In a public and high-frequented environment such log
data also inlude a large quantity of unaware and unintended interactions of non-
involved bystanders and passers-by. As it was not possible to filter out just the
intended interactions automatically, this log data was finally only used for manual
verification of the video data in inconclusive situations.

Semi-Structured Interviews

Starting at the last day of the study, 79 semi-structured interviews of about ten
minutes length were conducted outside the university building. The interviews
were conducted only at the end of the study and involved only people that would
not interact again with the column to not risk influenced behavior by recurring
passers-by or hearsay. To avoid social desirability bias on sensitive topics such
as interactivity, the interviewees were first asked open questions on each subject
area before gradually inquiring further about details they did not mention by
themselves. The standardized part of the interview was also carefully designed
with regard to the order of questions and wordings to minimize context effects.
The flexible part of the interview allowed us to inquire further in the case of
equivocal or individual user statements. The interview included 24 questions on
topics such as the approaching pathway, noticing the column, repeated
encounters, attributes of the column, perceived visual elements, functionality,
interactivity, assumed purpose of the installation and suggested improvements.
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Figure 7.4: Two of the camera perspectives augmented with a grid mask for the video coding.

@& XX%D Video Analysis: User Positions around a Column

Analyzing a Sample of the Video Data

The four weeks of deployment resulted in several thousand interactions with the
column, such that we draw a sample of 10 days from the video material which
distributed evenly over the evaluation period and analyzed about 3 of the daily
peak hours on each day. This resulted in 33 hours of detailed qualitative and
quantitative analysis, while the remaining material was only analyzed randomly.
The videos were analyzed in regard to the different research questions using the
Noldus Observer video coding software. Multiple video raters were required, who
they underwent an initial training until inter-rater reliability could be ensured.

Scoring Positions with a Virtual Grid Mask

To quantitatively analyze the effects of framedness on user positioning, we had
to exactly define where users positioned themselves relative to the frame when
displaying the framed or the unframed condition of the interactive content. We
distinguished between a user position within the central 50 percent of the angle
covered by a frame, and a position in the remaining boundary area. To allow
video raters a clear assignment of position codes, the videos were augmented
with a radial grid mask visualizing the central and boundary areas (see Figure 7.4
and compare with the grid masks used in the lab study in Chapter 6.3.3). This grid
mask was derived from visual markers on the floor which were the result of
calibrations involving video recordings with test persons and Kinect log data to
ensure that users would also perceive their screen representation in the
respective central and boundary areas on the screen.
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Coding Scheme: Correlating Activities and Positions

The defined central and boundary user positions created a simple categorical
two-level outcome variable that, with the help of the virtual grid mask, could be
easily scored for both the framed and unframed condition of the interactive
content. As we were interested in the correlation between these position states
and the actual activity of users, the coding scheme also contained the behavioral
group interaction type for each passer-by around the column with state events
actor (person interacting), spectator (person watching others interacting) and
attentive (inactive person just watching the column). The user position intervals
were scored simultaneously with the interaction type intervals so that they could
be nested and correlated in later statistical calculations. Situations in which the
user position was inconclusive while interacting (such as when a user moved
constantly around the column) were not quantitatively scored but turned out to
be rare. Non-involved persons around the column were not scored.

Annotation of Further Behaviors

In regard to attention and noticing interactivity, the typical orientation, surprise
and stopping reactions (O Chapter 3) were recorded as well as any short glances
towards the display when passing by. Further, the distribution and any social
constellations of multiple users around the column were scored, as well as the
movement behavior and any concrete gestures and activities users performed.
The analysis process in the video coding for single users (i.e. disregarding any
data on social constellations or user distribution) can be simplified as follows:
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/.3 Findings

The study showed that

passers-by react quickly to interactivity and that
active users position themselves centrally in
front of added visual frames, which can affect
the interaction with other users.

@ ZXEXD General Observations

Counted Passers-by

During the four weeks of deployment several thousand visitors of the building
interacted with the column. Within the 10 days or 33 hours of analyzed video
material, 762 interactions could be recorded as well as 205 people watching
others. On average, users spent 40.9 seconds actively interacting with the
content and 21.6 seconds watching others. The total time users engaged with
the column ranged from several seconds to more than one hour [Beyer 2013, P.6].

Audience and Engagement

The audience passing the entrance hall included singles, pairs, smaller and
larger groups and during peak times also large crowds. University students and
staff made up the largest part of visitors, yet there were also many attendees of
continuing education or cultural events. Parents with kids were also regularly
present, while elderly people seldomly visited the building. The column attracted
a lot of attention and people engaged intensely with it during the deployment.

Situation and Environment

Passers-by approached the column nearly equally often from the about five main
trajectories. The entrance hall was primarily a transit zone, but many people also
waited for lectures here or to meet fellows. Passer-by frequency and motivation
for usage varied, e.g. shortly before lectures there was often a rush of people to
much in a hurry to interact, while in relaxed situations they interacted longer.
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Figure 7.5: Passers-by noticing interactivity when approaching frontally or tangentially.

Noticing the Interactivity of the Column

Group 1: Early Attention and Reactions from the Distance

Two basic types of becoming aware of the column and its interactivity could be
identified. First, most passers-by who approached the column frontally noticed it
already from the distance. They adapted their walking path slightly if required,
walked purposefully towards the column and began to interact immediately —
usually not later than 1-2 seconds after stopping in front of it. Many even began
to interact already from the distance while still approaching the column.

Group 2: Late Surprise Reactions by Inattentive Passers-by

Groups or individuals that were busy with other activities maintained their walking
path and noticed the interactivity not before they had approached the column.
These inattentive passers-by showed sudden surprise and stopping reactions or
a delay of their movement when they became aware of the interactivity. This
happened either then when they were passing the column tangentially or already
slightly before it — yet only seldomly after they had passed the column and not
more than 1m behind it such that they didn’t have to walk back. Reasons for the
inattentiveness were conversations, the use of smartphones or being in a hurry.

Impact of the Walking Path: Approaching Frontally vs. Tangentially

For all walking trajectories that directly led to the column both the described
early reactions and late surprise reactions by inattentive passers-by could be
observed. A third behavior was identified for tangential walking paths in the
distance that diverted from the column. People who passed the porter’s lodge in
10 meters distance suddenly stopped at the height of the column after orienting
their attention towards it. Then they adapted their walking path, turned their
direction 90 degrees and approached the column. This behavior was caused by
noticing the column or active users instead of one’s own interactive feedback.
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Reactions of Pairs and Groups

Pairs and groups likewise shifted their attention towards the column either
already from the distance or when they were surprised late by visual feedback
once they were passing by. While often one member of frontally approaching
pairs and groups pointed towards the column to notify the partner or the rest of
the group, all members noticed it more or less simultaneously and independently
from each other. Sometimes one group member acted as a forerunner who
started with the interaction first. Yet only if all group members were inattentive
when approaching the column (e.g. when busy with conversations), one single
member giving a hint to the column’s interactivity played the decisive role.

Performance of the Visual Feedbacks

As most people approached the column halfway frontally and looked at it early,
the skeleton representation played a major role for communicating interactivity
compared to the particle feedback (O Chapter 7.2.4), which was only relevant for
those who noticed interactivity late and when directly passing by tangentially.

Seeing Others Interact when Arriving

Only in a few cases passers-by stopped nearby the column because they were
explicitly noticing users who were already interacting (O Chapter 3: honeypot effect
and proxy interaction). Yet it cannot be ruled out that the attention of many
passers-by had been raised earlier by seeing people interact from the distance.

@ XX User Positioning around the Unframed Column

Arbitrary Positions of Users

In the unframed condition, users assumed diverse positions around the column
(compare [Beyer 2013, P.7] for all results on positioning). At first indeed, passers-by
started to interact right on the side where they approached, and as most arrived
on one of the five main trajectories there were sections around the column which
initially were used more often than others. Yet after interacting for a while, users
moved around the column to continue on another side. While interacting, they
seemed to assume more or less arbitrary positions within the circular interaction
space, at most depending on factors such as social interaction. Especially, they
positioned both within sections that in the framed condition would be assigned
to the central position as well as to the boundary position in relation to the frame.
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Figure 7.6: Active and passive users assuming diverse positions around the unframed column.
@ User Positioning around the Framed Column

Repositioning towards the Center of the Visual Frames

In contrast, in the framed condition of the interactive column we observed a clear
preference of users for certain positions, which already became very obvious
during the live observation: users repositioned themselves towards the center of
the visual frames (see Figure 7). While single users assumed a position exactly
within the center of the frame, partners who interacted in front of the same frame
had to share the space but also strived towards its center. Users seemed to be
attracted by the frame centers like by a gravitational pull which kept them from
leaving the rectangle. In cases where they needed to step aside to reach a ball
with their screen representation, they returned to the center position immediately
afterwards. Yet while engaging with the visual elements of the interactive ball
game content, users did not seem to give any further attention to the virtual
frames and also did not try to integrate them into their play.

Users Reposition when Starting to Interact

Passers-by did not unconditionally align themselves to the frames from the
beginning. We observed that first, similar to the unframed condition, people were
stopping where they approached the column. When starting to interact, however,
users repositioned themselves such that they were standing centrally in front of
one of the reactangular frames. Further we observed a difference between active
users and passive spectators: passive bystanders just watching other users
seemed not to be directly influenced by the frames, and also did not mind
waiting within the boundary zones in between two frames (see Figure 7.7, image 3).

Distance towards the Column

In both study conditions, instead of approaching close users usually stopped
early and interacted in surprisingly large distances of on average 1.5-2 meters
towards the column display if they were interacting frontally with it.
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Figure 7.7: Interacting users assuming central positions in front of visual frames.

Statistical Results on User Positioning

Unframed Column: Not Completely Even Distribution of Users

The numbers of the video analysis revealed that even around the unframed
column there was not a completely even distribution of user positions (compare
[Beyer 2013, P.7] for all statistical values): 57% of all users positioned themselves
within the central and 43% within the boundary position. Nearly the same
distribution (59% to 41%) could be observed when only looking at interacting
users, while a contrast between actor and spectator roles in preferring certain
positions became apparent by a reverse distribution for the passive spectators
with only 41% preferring the central position but 59% the boundary position.

Framed Column: Higher Preference for the Central Position

However, in comparison and confirming our early subjective observations, in the
framed condition a clearly greater share of 66% of all persons around the column
preferred a central position in front of the rectangular frames, while just 34%
positioned themselves at their boundaries. Statistical analysis shows that the
association between the visual frames and whether or not users would assume a
central position is indeed highly significant x?(1) = 9.497, p = 0.0002.

Correlation of Activities with the Central Positioning

When correlating user’s activities with their positions, in the framed condition
passive spectators showed the same ratio between central and boundary
positions as in the unframed one. Yet for interacting users the central positions
increased significantly to 71% around the framed column compared to the 59%
of the unframed column x?(1) = 14.328, p = 0.00015. In other words, the central
positioning in front of frames can be clearly attributed to the interacting behavior,
while the preferred positions among spectators remain constant. Figure 7.8 shows
the share and total numbers of central and boundary positions for all persons,
actors and spectators for both the unframed and the framed condition.
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Figure 7.8: User positions for all users (yellow), actors (blue left) and spectators (blue right).

@ ZXXD User Positioning: Pairs and Groups

Unframed Column: Comfortable Distances between Users

When pairs and groups dispersed around the unframed column, the distances
between single members depended on factors such as the social relations
between them and on user cooperation. For example, partners touching or
boxing with each other were crowding closer together than when playing a ball
game together or when exploring the column separately. Yet generally users
seemed to assume comfortable distances between each other in all situations.

Framed Column: Clustering in front of Frames

In the framed condition, the pattern of central positioning in front of visual frames
repeated itself for pairs and groups. Group members who joined the interaction
took possession of the radially dispersed sections around the column that were
centered in front of frames. By accumulating towards the frame centers the
distance between active users in neighboring sections increased, leading to a
pairing or clustering of people in front of the frames (see Figure 7.9, image 4). Yet if
only one partner interacted and the other one just watched, the passive partner
stood alongside the active one and thus where a boundary was. While watching
the active player the bystanders ignored their own screen representation divided
by the line of a frame. Also if all frames were already occupied, additional users
waited within these in-between zones, watching the active players and ignoring
their own, until it was their turn to enter the central position in front of the frame.
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Figure 7.9: Conflicts within active pairs and groups interacting in front of the same frame.

Conflicts in front of the Same Frame

We observed two typical constellations around the framed column which were
restricting the movement possibilities of pairs. In the first case, partners were
standing close together or behind each other directly in the center of the same
frame when cooperating with each other. As as result they were impeding each
other or occluding the partner who interacted behind them (see Figure 7.9).

Conflicts between Neighboring Frames

A similar pattern could be observed for pairs cooperating or competing from
adjacent frame positions: each partner occupied one of the slightly distant
positions of two neighboring frame centers and tried to reach their partner with
long arms when trying to touch or box the partner. It seems that unconsciously,
none of the partners would step out of an invisible marking line denoting the area
in front of the frame, even if the success of their interaction was limited this way.

@& XX%D Spatial Arrangements and Distribution

F-Formations between Users

The orientations between individual users depended on their activity and social
relationship with each other. Most users positioned themselves on an imaginary
circle around the column. While active partners stood on this circle side-by-side
or also more distant to each other and facing the column frontally, pairs of one
active and one passive, observing partner formed L-shaped [Kendon 1990, P.213f] or
wide V-shaped [Paay 2013, P.11] arrangements. While temporary inactive groups
formed closed, e.g. U-shaped or triangular formations when engaging passively
in a conversation, semi-circular constellations re-emerged as soon as the group
members were getting more active again. In this way these spatial arrangements
were an indicator for the activity of the group. Very active groups also distributed
evenly around the column forming star-shaped or Y-formations (see Figure 7.11).
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Figure 7.11: Examples for different spatial arrangements of users around the seamless column.

Distribution around the Column

The distribution of multiple users around the column increased together with their
dwell time and activity: while groups still formed compact formations with many
passive observers when arriving, more and more members became active the
longer the group stayed — and when getting active they increased the distance
between each other and dispersed around the column. Groups with many active
members soon assumed semi-circular constellations around the column or even
occupied the complete circular interaction space (see Figure 7.12). Again, the
distribution also depended on the specific activity, on social interaction and on
cooperation with each other. While users sought more distance to neighbors if
interacting independently, partners came closer together when for example
boxing with each other, when joining hands or in the case of intimate interaction.

m Movement Patterns around the Column

Walking Behavior and Circulation

In front of the used interactive content with the skeleton representation and the
ball game, users were most of the time standing instead of moving while
interacting. They were walking only occasionally when they were repositioning
themselves to another side of the column. Especially users did only seldomly
circulate constantly around the column as they did in the lab study (U Chapter 6).
In such cases where users really circulated constantly around the column, they
usually were engaging with the particle cloud (O Chapter 7.2.4) after having
discovered it when arriving tangentially at the column.
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Figure 7.12: Examples for different user distributions within the circular interaction space.

Specific Behavioral Patterns

Independent Interaction: Exploration and Self-Expression

During the four weeks of the study we observed a variety of recurring behaviors
and gestures around the column. Beyond actions that were clearly related to the
interactive ball game such as kicking or passing a ball, individuals who
interacted on their own performed many behaviors related to exploration and
self-expression. Especially often people were dancing and performing all types
of dance moves such as the egyptian, waving or the moonwalk (see Figure 7.13).

Social Interaction: Cooperation and Competition

Pairs often showed cooperative behaviors such as playing ball together, dancing
together, joining hands or bodies, or perfectly synchronizing their movements
(mirroring). The most popular competitive behavior among pairs was boxing
each other. Users also showed intimate behaviors such as embracing each
other, lifting or choking the partner. The primary aim of most actions seemed to
be the exploration of the resulting screen representation just for the fun of it.

Performative Interaction

Members of pairs and groups sometimes showed signs of performative
interaction [Dalsgaard 2008], but as users were usually interacting on the same level
around the circular column and not in exposed positions, it was often not clearly
recognizable if they were performing for others or just exploring. Recurring
performative behaviors include special dance moves, pirouettes or handstands.

Passing-by Interaction: Greeting Gesture

The most frequently performed passing-by interaction was a behavior we call the
greeting gesture: recurring users with prior knowledge of the functionality but not
enough time to stay shortly waved hands with their skeleton while passing by.
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Actions related to the Ball Game

Pushing Kicking Grabbing Passing

Balancing Embracing Jumping Header Ball

Exploration and Self-Expression

Dancing Waving Hands Egyptian Moonwalk

Pirouette Imitating Lifting Arms Miming

Collaboration, Competition, Performative Interaction

Boxing Joining Hugging Synchronizing

Playing Ball Choking Figuration Handstand

Expert Tests, Digital Media, Passing-by Interactions

Touching Lifting Kids Photo Taking Greeting

Umbrella Lifting Things Skype Video Circulation

Figure 7.13: Specific behavioral patterns around the column.

Photo Taking and Other Media

We observed many users taking photos or videos of their screen representation.
In one case a user was filming the column with an open laptop obviously during
a live Skype conference (see Figure7.14).

Expert Tests

Only seldomly users performed expert tests around the column to investigate its
technology. Expert tests included touching the screen, touching the audio
speakers, lifting up a kid or things such as jackets or kick scooters. One user
successfully tried to cheat the skeleton recognition and trigger the particle cloud
by hiding behind an umbrella while running around the column (see Figure 7.14).
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Figure 7.14: Specific behavioral patterns around the column.

Habits and Rituals

There were at least some recurring users coming to the building regularly such
as university staff. Some of them developed habits and rituals when interacting
with the column. For example, employees who brought their kids with them in the
morning developed the ritual of letting their kids play with the column for several
minutes before they continued to work. Some facility managers of the building
also stopped and interacted shortly when they routinely passed by the column.

EZEXT) Subjective Data

User Experience

When we conducted the semi-structured interviews after the end of the study,
passers-by were very cooperative when we asked them to participate (compare
[Beyer 2013, P.8]): Of the 79 interviewees most were students (65) and university
staff (12) from diverse disciplines. Their age ranged from 19 years to 66 years
and the average age was 26. Almost no one of the interviewees had discovered
the research character of the installation: when asked about the anticipated
purpose of the column, the majority thought the purpose was entertainment of
students, and some even suspected it was financed by tuition fees. When asking
interviewees about attributes that would apply to the column using an open
question, the majority described it between funny and entertaining, modern and
technical (see Figure 7.15). Many interviewees even stated on their own initiative
that interacting with the column and watching others was entertaining and they
had enjoyed it, which also confirms our observations that people had fun with it.
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Attributes of the Column

16 Interesting 16 Modern 14 Funny 7 Colorful

6 Appealing 6 Large 5 Entertaining 5 Technical

Figure 7.15: Most frequent answers of users on attributes of the column (open question).

Noticing Interactivity

In regard to sensible subject areas such as noticing interactivity, we had put a lot
of effort in avoiding context effects and desirability bias, e.g. by starting with
open questions before gradually inquiring further (O Chapter 7.2.6). It turned out
that 59 of the 79 interviewees (75%) had understood that the column was
interactive and what they could do with it. Most of the remaining 20 interviewees
who had recognized the column but not noticed its interactivity, had seen it only
from a distant staircase or had been in a great hurry. Yet of the 59 interviewees
who had understood interactivity most were able to describe the functionality of
the column quite precisely. They had noticed the screen representation and the
interactive elements such as the colored balls, were able to describe what they
could do with them, and reported that it was funny to cooperate or compete with
partners. Interviewees noticed that the skeleton representation was imitating their
behavior. Most used the term stick-figure (63%) to describe it, and 8 surprisingly
also used the term mirror, even if no mirror representation had been used.

Noticing the Frames

While interviewees could recall most of the interactive elements on the screen,
surprisingly only one out of all 79 stated to have noticed the visual rectangles in
the framed condition. Yet none of the others could remember them, even not the
regularly recurring users and although it was the last condition that had been
displayed right before the interview. To avoid context effects, we again had
followed the method to first ask in an open question which elements had been
displayed on the column, to then inquire again if there were further elements they
may have forgotten to mention, before asking only in the last step directly
whether they had noticed a gray rectangle or frame on the column. By explaining
in detail what we meant by visual frames we made sure they were indeed not
remembering them. However all but one could not recall their presence.
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EZXXED Add-on Study: The Graffiti Column

Research Question: Circulation around the Column

In contrast to the continuous circulation of users that we had observed around
the column in the lab study using a movement-stimulating content (O Chapter6), in
this field study users surprisingly moved only little around the column while
interacting with the interactive ball game. The differing movement behavior in
both studies can either be explained by the different spatial conditions in the lab
and in the field or by the role the interactive content plays in encouraging users
to constantly move around columns or not. To test the latter, we added a one-
day post study with another interactive content after the end of the main study.

Interactive Content: Drawing onto the Column Touchlessly

The new interactive content was an application where passers-by could — similar
to the concept of graffiti spray paint — draw touchlessly colorful graffiti onto the
column with the hand joints of their skeleton representation. The column showed
a concrete wall as background and while people were spraying onto it the used
spray colors changed every few seconds. The idea behind this content was that
users might also move to other sides of the column while painting or once they
had left one position fully painted. After some time of inactivity the graffiti slowly
faded away to make room for new paintings. Also the skeletons of people who
interacted unintentionally while passing by left spray paint on the column.

Video Analysis: Scoring Movement around the Column

In the video coding we recorded the circulation distance around the column in
quarter steps from no to full circulation for each active user. For each of these
events we further discriminated between two circulation types: we either scored if
users were constantly moving while interacting or if they were just repositioning
themselves to start anew on another side of the column. We further annotated
the social constellation, i.e. if users were interacting alone, in pairs or groups.

Circulation

Quarter Half Three-Quarter Full
None
Constant Movement Repositioning
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Figure 7.16: Interacting users drawing onto the graffiti column using their hand joints.

Results: Circulation and Repositioning

During the one-day study 66 passers-by interacted with the column. Similar to
the previous study users noticed interactivity quickly with the graffiti content and
began immediately to use their screen representation to draw onto the column.
Some users approached the column directly, while others again noticed the
graffiti feedback only right when passing by, showing the typical surprise and
orientation reactions. Before circulating the column, users usually interacted for a
while. The video data revealed that a majority of 56% walked around the column,
and 59% of them (33% of all users) moved constantly while interacting, while the
remaining 41% only repositioned themselves to restart interaction on another
side. This is in contrast to our observations in the preceding field study were no
users circulated while interacting with balls. Yet users also did not continuously
circulate around the graffiti column as in the lab study (O Chapter 6). Most moved
little more than a quarter (26%) or a half orbit (21%) around the column, and only
6% circulated it completely (see Figure 7.17). No user circulated it multiple times.
The longer three-quarter and full circulations always involved constant movement
while interacting. If passers-by just repositioned to take several static positions,
this was often connected with their natural walking path around the column.

Behaviors of Singles, Pairs and Groups

Longer circulations around half of the column or more were mostly performed by
individuals and pairs. While active groups often dispersed around the column
and thereby occupied large parts of the circular interaction space, only single
members circulated the column constantly, not the group as a unit. Differently,
with pairs often the second partner followed the forerunning one, taking either
the same or the opposed direction such that partners met again on the other
side. When drawing onto the column users often performed the butterfly gesture:
they moved both arms symmetrically up and down to draw a butterfly onto the
screen. Users also showed many behaviors that we already had seen in the
previous field study such as waving hands, dancing, jumping, boxing or miming.
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Figure 7.17: Share of the different circulation distances among all interacting users.
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/.4 Interpretation

The eye-catching Interactive Column
attracted the attention of passers-by early, and
with increasing activity users dispersed around
It, but did not question the added visual frames
as positioning stimulus.

@2XX D Observed Behaviors around the Column

Unaware Initial Interaction around a 360° Column Display

The Interactive Advertising Column was deployed freestanding and at a highly
visible central location, as is typical for advertising columns. Due to its Pragnanz
(O Chapter 3.1.2) and its position at the junction of the main walking trajectories
within an entrance hall it attracted the attention of many passers-by early when
they approached from the distance. Yet a deciding factor for how people noticed
interactivity was to which of two characteristic groups they belonged: attentive or
inattentive passers-by. As one approached nearly frontally from most directions,
attentive passers-by could perceive the column for several seconds before
standing in front of it. When they entered the interaction space, they immediately
understood that the skeleton representation was mirroring their behavior and
what they can do with it, as the observations and interviews revealed. When
approaching frontally this way, difficult viewing angles were a minor issue even
around the curved column screen. In contrast, inattentive passers-by reacted
differently: they noticed the visual feedback only shortly before or right at the
column when they where passing it tangentially. Torn out of their current activity
and becoming aware of the correlation of the feedback with themselves, they
showed surprise and orientation reactions or suddenly stopped at that moment.

} Highly visible columns can communicate interactivity effectively,

but attentive and inattentive passers-by react quite differently.
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Influence of Frames on User Positioning

In this field experiment we controlled framedness on a cylindrical display, while
seamlessness remained constant. The statistical results from the video analysis
confirm our field observations that there is a significant association between
framedness and whether users assumed a central position: just adding visual
frames to the seamless column attracted users to the center areas in front of the
displayed frames. These findings comply with our prior findings in the lab study
(O Chapter 6) that a single frame can influence where users position themselves.
This field study adds to these insights by showing that also the visual structure of
shapes that are more complex than a single rectangle such as polygonal
displays can lead to the effect that users assume certain positions. In our case,
users positioned themselves centrally in front of the eight rectangles around a
simulated octagon when we switched on framedness. These results show, that
in addition to the form factor also the framing of a display influences how people
adjust in front of it, and that each factor should be taken into account separately.

} Frames influence user positioning, even around more complex

display shapes with multiple frames such as polygonal displays.

Correlation with Interacting Users

The study further revealed that the central positioning correlates with an active
user role: users repositioned themselves to the central areas as soon as they
started to interact, while passive bystanders were not directly influenced by the
frames. Yet the numbers also reveal a small reverse distribution for spectators,
which according to our observations can be attributed to the fact that bystanders
were often standing alongside their active, centrally standing partners and thus
where in the framed condition a boundary was. Obviously, while watching the
screen representation of their partner, they did not mind that their own skeleton
was divided by this boundary. In contrast, the central positioning of interacting
users may be explained by that users try to avoid that their screen representation
is divided by visual frames in violation of the law of good gestalt, and instead
show the ambition to keep their skeleton free by centering it (O Chapter 6.4.1).

} Central positioning correlates with the user role: interacting users try

to avoid that their screen representation is divided by visual frames.
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Uneven Positions around the Seamless Column

The statistical results showed that even around the column in the unframed
condition users did not prefer all positions in equal manner and that there was a
slight preference of the frame sections even if no frames were displayed. On the
one hand, this may be explained by the fact that some walking paths within the
entrance hall where the column was deployed overlapped by chance with the
regions that were assigned to the central user positions respectively the frame
centers. Another reason may be that the sensor coves, despite their unobtrusive
design, were still salient enough to attract users towards frame positions. While
this does not invalidate ours results, as we there was still a significant difference
in user positions between the two tested framedness conditions, it shows that
even with a completely seamless display there are further factors that influence
user positioning and that in their entirety cannot be perfectly eliminated.

} In addition to frames also further factors such as walking paths and

visible sensors might affect user positions around shaped displays.

Influence of Frames on User Cooperation

The pattern of central positioning in front of the frames repeated itself for single
users, pairs and members of groups. Passers-by started to occupy the frame
sections around our convexly curved column and accumulated towards their
centers; this way the distance between users in neighboring sections increased.
Using the terminology of [Fischer 2012, P.6], gap spaces between the users were
created by the frames and thus by the system design itself. But framedness did
not only invite users to step into the restricted areas aligned to the frame centers,
the frames also kept users from leaving them. In contrast to the comfortable
distances between users in the unframed condition, this caused conflicts when
pairs were interacting in front of the same frame or cooperating with each other
from neighboring frame centers: two partners in front of the same frame were
interfering with each other, while the interaction between partners from the
positions of two adjacent frames was restricted when they tried to interact with
each other but also refused to step out of the invisible area in front of their frame.

restricting the space or creating distance between users.

} Frames can affect user cooperation and lead to conflicts by
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Blindness for the Frames

Most interesting is the result that interviewees did not recall the presence of the
visual frames. This is consistent with our field observations that users ignored the
rectangular frames when interacting and did not integrate them into their play,
although they influenced their positioning behavior. One possible explanation is
that users were unconsciously influenced by the gray rectangles (O Chapter 3.4).
Due to prior experience users might have been thus used to the specific design
that is typical for display frames, that they just might have recognized this
scheme preattentively and independently from their selective attention which
focused on the interactive stimuli. Still the visual frames provoked a conditioned
reaction. Yet as we cannot assess people’s subconscious at that moment, we
cannot conclusively determine if the self-alignment to the rectangles happened
unconsciously, or if users considered this as obvious and quickly forgot about it.

} Frame blindness where users did not recall the frames that affected

their position may indicate an unconscious reaction to the frames.

User Distribution around the Column

The study showed that multiple users often dispersed around the column,
depending on their activity and social interaction with each other. We observed
the pattern that members of groups distributed around it with increasing activity:
after watching initial users of the group for a while, they moved to free spaces
around the column to also assume an active role. Finally users often covered the
half or even the whole circular interaction space. This differs from observations of
[TenKoppel 2012, P.7] with a hexagonal display that passers-by belonging to a group
would not disperse to other screens for long but quickly return to the first actor.
But in this case flat and angled and thus at least implicitly framed displays were
used, and the different results might be explained by distance or gap spaces the
sections of the polygonal display created between the players. While different
deployment sites, walking paths and used contents of both displays are further
possible explanations, also framedness and surface roughness (& Chapter 4)
might account for the different results how people adjust around the displays.

} The distribution of users increases with their dwell-time and activity:

users dispersed around the column to assume an active role.
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Movement around the Column: Repositioning and Circulation

In each of the three studies with the Interactive Advertising Column we observed
a partly different movement behavior of users. Two basic movement patterns can
be distinguished: walking around the column with just the purpose to reposition
oneself and continue interaction on another side of the screen, and constant
circulation around the column while interacting with it. While the repositioning
behavior could be observed within all studies, there were substantial differences
in regard to the constant movement around the cylindrical screen: in the lab
study users circulated continuously around the column (O Chapter 6), while in the
first field study where the interactive ball game was displayed users moved only
seldomly constantly around it, and in the second field study where the graffiti
content was displayed users again circulated a little more around the column,
but still less than in the lab study. While the differences between the lab and the
field could also be explained by different spatial conditions, the two field studies
with their different contents produced different movement behavior under the
same external conditions. This indicates that cylindrical column shapes do not
per se encourage constant movement around them while interacting, but that
instead the key factor is a movement-stimulating content. The flower content
used in the lab and the graffiti content that motivates users to discover the still
unpainted sides of the column were more movement-stimulating than the
interactive ball game, which works best when users interact in a frontal body
position to the screen in which it is less comfortable to move around the column.

but if people really move around it depends on the specific content.

} The column shape potentially allows to circulate around the display,
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&) Limitations

Generalizability to other Display Shapes

In this field study we focused on isolating the framedness variable on the same
seamless display, and thus the generalization of the results is limited in regard to
other shapes of large displays. For example, while around our convexly curved
column framedness created distance between users such that the cooperation
between them from adjacent positions was restricted, this may be quite different
in front of concavely curved or flat displays that are divided by multiple frames.

Generalizability to Polygonal Displays

In our study we simulated an octagon by just displaying eight visual frames on a
seamless column and thus could not fully simulate a real polygonal display. Yet
as we found that only displaying gray rectangles on the screen can already alter
user behavior, polygonal displays with their angled flat faces and straight edges
which create a visible rectangle and indicate a clear direction might even have a
stronger effect on user positions than the visual frames in our experiment.

Possible Novelty Effects

At the time of the study, a large digital and interactive cylindrical column display
that reacts to the movements of passers-by was still a quite uncommon thing.
For this reason the novelty factor might have played a certain role in attracting
the attention early and in enticing large numbers of users.

Role of the Interactive Content

As the different movement patterns across the studies with the column show,
user behavior in front of the screen strongly depends on the interactive content.
In the study which investigated framedness we used a skeleton representation
and an interactive ball game which prefer a static and frontal positioning of
users. A more movement-stimulating content like in the lab study might have
counteracted the gravitational pull of the rectangular frames stronger.

Situative Limitations

During the field deployment the pattern that users noticed the column early and
understood interactivity immediately prevailed. Yet it cannot be ruled out that
some people had been enticed to visit the column by rumors and hearsay
outside the building and thus already knew of its interactivity.
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@&2XE)D Open Issues

Summarizing the findings and limitations of the field studies with the Interactive
Advertising Column, the following issues are left open at this point of research:

Other Curvatures
How do frames affect user behavior around other curved displays,
e.g. concavely curved displays with overlapping frame regions?

Frame Blindness
Is the central positioning in front of frames really an unconscious reaction
and can a detailed analysis of the viewing behavior reveal more here?

Frame Design
While the used design of the visual frames oriented itself by a classical
screen format, can other sizes and ratios provoke similar effects?

Interactive Frames
If virtual frames performed well to draw users to a position, can frames
also be employed dynamically and interactively to shape the audience?

Other Contents
Can other, for example strongly movement-stimulating interactive contents
override the observed positioning effects and movement patterns?
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/.0 Takeaways

Interactive Advertising Columns

are eye-catching displays that attract our
attention early and provide space for many
users, but added frames can affect user
positioning and cooperation.

@& 2AXD Recommendations for Columns

Column Displays and Attention

In this study the interactive column attracted attention early and communicated
interactivity very effectively, also in comparison to the other studies in this work.
Approaching passers-by often already reacted from the distance to the visual
feedback, but even inattentive ones still noticed the column when walking by.
The advantage of the cylindrical 360° display was that it covered all directions
and that the concise shape was highly visible when located centrally and at the
intersection of multiple walking paths. Thus if strong attention shall be generated
in similar environments, columns should be used and be deployed centrally.

R 7.1 Use Columns and deploy them centrally to
effectively attract Passer-by Attention

Most passers-by will notice the column display already from the distance.

Columns and Multi-User Interaction

The large circular interaction space around columns allows multiple users to
interact with the screen simultaneously and from all sides. In the conducted
study members of groups distributed around the column the more they got
active themselves. Thus columns are ideal for multi-user interaction, yet certain
display qualities like framedness can restrict cooperation between users.
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R 7.2 Use Cylindrical Columns if Multiple Passers-by
are supposed to Interact in Parallel with a Display

Users will disperse to the large interaction space with increasing activity.

Circulation around Columns

The different studies with the Interactive Advertising Column showed that users
do not move constantly around cylindrical displays per se. While the column
shape principally has the quality that one can walk around it, this indeed seems
only to be the case if also the content encourages movement. If movement is
wanted, thus a movement-stimulating interactive content should be used.

R 7.3 Use Contents that Stimulate Movement to Make
Users Circulate Around The Column

Passers-by will not circulate around cylindrical displays with any content.

@ ZAX) secamless vs. Framed Displays

Effects of Framedness on User Positioning

The field study revealed that not only single display frames can influence user
positioning, but also multiple frames around more complex display shapes such
as cylindrical columns. It further showed that user positions between real round
and seamless displays and polygonal ones can be significantly different. Thus
the rough common form factor should not be considered in isolation, but also
further display qualities such as framedness should be taken into account when
designing for new display shapes and interpreting user behavior around them.

R 7.4 Do not only consider the Basic Shape in Isolation
but also other Influencing Factors such as Framedness

Even around a cylindrical display frames can influence user positions.
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When to Use or Avoid Frames

For positioning single or multiple users at certain positions in front of the display,
for example to assign specific sections of a large display to individual users,
frames are ideally suited. In our study already just the visual framing of a round
column significantly influenced how users positioned around it, which shows that
even virtual frames are effective to draw users to certain positions.

R 7.5 Positioning Users: Use Frames

For attracting users to certain positions in front of the display frames are
ideally suited, even virtual ones.

If the content requires close-by cooperation between two users avoid frames.
The study showed that partners were interfering with each other when a pair
interacted in front of the same frame. But also the interaction between partners
who tried to interact from the adjacent positions of two neighboring frames was
restricted as they both refused to leave the area in front of the frames. Seamless
displays which allow users to position themselves freely are more suitable here.

R 7.6 Close-By Interaction: Avoid Frames

For close-by interaction avoid frames as users will impede each other when
interacting in front of the same frame or from two neighboring frames.

If a certain distance between users shall be achieved, for example to establish a
specific user distance that the interactive content requires or to prevent that
multiple users do impede each other, frames can both be useful or not. This
depends among others on the curvature of the display, as convex framed
displays will create gap spaces between users, while concave shapes will not.

R 7.7 Regulating Distance: Use or Avoid Frames

For regulating distance between users frames can be useful or not:

this depends on how much distance is wanted and the form factor.
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If the number of users around a display shall be maximized, avoid frames as
they limit the available user positions. For example, the 8 frames around our
simulated octagon in the study provide only 8 optimal positions for interaction.

R 7.8 Maximizing Users: Avoid Frames

For maximizing users, avoid frames as they limit the optimal positions for

interaction around the display: n frames means n optimal positions.

Seamless vs. Polygonal Displays

When having the choice between a real seamless display and a framed display
with the same basic form factor, consider that seamless displays are more
flexible as they are leaving the option open to also use frames. In our study the
used virtual frames were already very effective to draw users to certain positions.

R 7.9 Seamless Displays provide More Options

Seamless display are more flexible than configurations of multiple flat

displays as they leave the option open to also use virtual frames.

@& 2XAKD Measuring Behavior

Exogenous Camera Perspectives

It is helpful to figure out the optimal camera perspectives for each study in
advance. While centric perspectives can be useful if user trajectories or body
orientations around a column have to be transcribed (& Chapter 6.5.4) we used
exogenous camera perspectives to record the user behavior in this field study.
The reason was that we wanted to observe how user positions and user actions
correlate with the visual frames and the interactive feedback on the screen.
Further we wanted to analyze individual user actions from different perspectives.
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R 7.10 Use Exogenous Camera Perspectives to Analyze
how User Actions correlate with Screen Effects

This way user positions can be correlated with visuals on the screen.

Video Coding with Virtual Grid Masks

Simplify the video coding by using a suitable grid mask for each task. Differently
from the lab study with the column where we had used a square grid to analyze
user trajectories, this time we used a radial grid mask to score the central and
boundary user positions around the same column. This proved to be an effective
method and made the work for the video raters much easier.

R 7.11 Use Virtual Grid Masks to facilitate the Scoring
of User Positions within the Interaction Space

For scoring positions around a column, a radial grid mask can be used.

Sensor Logging

Automatize the filtering and analysis of sensor log data in advance to the study.
In highly-frequented field environments huge amounts of data can accumulate
that will only be evaluable if uninteresting values can be filtered out. For example,
the log data we collected from the Kinect sensors in this study (O Chapter 7.2.6)
included thousands of unaware or unintended interactions by non-involved
passers-by, and it was difficult to impossible to correlate the interaction data with
individuals and systematically filter out only the intended interactions afterwards.

R 7.12 Automatize the Filtering of Sensor Data

In field environments log data from interaction sensors will only be usable
if the loads of unaware and unintended interactions can be filtered out.
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CHAPTER 8

APPROACHING
FRONTALLY

Attracting Attention and
Communicating Interactivity
when frontally approaching
Flat Life-size Displays



8.7 Background

When passers-by are approaching frontally
the narrow displays that are typically used
have to communicate that they relate to the
appearance or the nearing movement of
passers-by on a very limited space.

@:XEKD Attracting Users when Approaching Frontally

Out-of-home displays are preferably installed such by display providers that they
are oriented towards the viewing directions of passers-by. In walking situations
the primary viewing directions correspond with the walking trajectories, so that
flat displays on the pedestrian level are optimally installed along or at the end of
these trajectories and in orthogonal orientation towards them (& Chapter 2). This
has the advantage that when passers-by are approaching them frontally, notice
chances and viewing durations are maximized compared to displays in parallel
orientation. Yet not all visual feedbacks will communicate interactivity effectively
in this frontal situation, and indeed they have to be specifically designed for it.

@:X¥) Unaware Initial Interaction with a Flat Life-size Display

In order to not block the way of passers-by who are approaching frontally, in
freestanding locations mostly narrow portrait-ratio displays are used. This brings
some challenges for communicating interactivity by an unaware initial interaction
and designing visual feedback to the movements of passers-by: the changing
distance cannot be translated as directly to the screen as the lateral position
when passing sideways, and the limited horizontal space of narrow screens also
restricts the use of eye-catching lateral animations. On the other hand the direct
view towards the display makes feedback based on self-perception (O Chapter 3.3)
very promising. We wanted to explore the effectiveness of such different visual
feedbacks when people approach flat life-size displays frontally (see Figure 8.1).
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Figure 8.1: If a display is approached frontally this requires suited visual feedback.

@:X¥)D Questions and Issues

In regard to the performance of different visual feedbacks when passers-by are
approaching frontally we were interested in how effectively they would attract
attention, as well as how effectively they would communicate their interactivity.
Not all visual contents may accomplish both defined goals equally well or at the
same moment. While visual feedbacks based on self-perception such as mirror
images and silhouettes seem promising in the frontal scenario, they constitute a
quite specific solution leaving not much room for other content (& Chapter 3.3.2).
For this reason we also wanted to find further feedback mechanisms which are
equally effective in this frontal situation. While lateral movement will only be
marginal when passers-by are approaching frontally, orthogonally deployed flat
displays can use the constantly decreasing distance on a comparatively long
approaching trajectory as input for the feedback. The question is now how such
distance-controlled feedbacks can make the correlation to passer-by movement
clear by suited visual effects. To compare the performance of different visual
feedbacks, we first of all had to identify the initial phases of becoming aware of
the display and noticing its interactivity as well as the respective user reactions.
The main issues related to this research can be summarized as follows:
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Q 8.1 Attracting Attention Frontally
How can narrow flat displays such as life-size displays attract the
attention of passers-by when they are approaching frontally?

Q 8.2 Communicating Interactivity Frontally
How can narrow flat displays at the same time communicate interactivity
effectively when passers-by are approaching frontally?

Q 8.3 Effectiveness of Self-Perception
How effectively do visual feedbacks based on self-perception such as
mirror images communicate interactivity in the frontal situation?

Q 8.4 Distance-Controlled Visual Feedbacks
How effectively do visual feedbacks that use the decreasing distance of
approaching passers-by as input communicate interactivity?

Q 8.5 Passer-by Awareness and Reactions
Which phases of becoming aware of the display and its interactivity can
be distinguished and which reactions do passers-by show?
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8.2 Field Studies

We conducted two field studies with two
Interactive Life-size Displays

to explore the effectiveness of different visual
feedback strategies when passers-by are
approaching displays frontally.

@&:XXD Study Context

To explore how narrow interactive out-of-nome displays can attract attention and
communicate interactivity when passers-by are approaching frontally and to
compare the effectiveness of different visual feedback strategies, two field
studies were conducted with life-size displays which are typically used in this
situation. Jens Fakesch carried out this research as part of his bachelor’s thesis
[Fakesch 2013]. He conducted the two field studies in December 2012 at the
University of Munich: first an outdoor field study with an interactive door display,
then a follow-up field study of one week length within a large entrance hall with
the Interactive Life-size Display presented in Chapter 5.

FACTS Idea

Type
Directing
Advising
Software
Date
Location

Prototypes

Attracting Users when Approaching a Display Frontally
Observational Field Study

Jens Fakesch

Gilbert Beyer

Open Lab Day and Christmas Contents [Fakesch 2013]

3th December and 18th — 21st December 2012

Amalienstr. 17 and Theresienstrasse 37, University of Munich

Interactive Life-size Display, Interactive Door Display

Publications Bachelor‘s Thesis Jens Fakesch [Fakesch 2013]
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@&XX Hypotheses and Assumptions

Noticing Interactivity when Approaching Frontally

This work assumed that narrow flat displays which are approached frontally can
attract attention and communicate their interactivity best if the visual feedback
makes use of the clear direction they indicate. Two visual feedback strategies
are promising to be effective in this situation, feedback based on images of
humans and distance-controlled feedback (compare [Fakesch 2013, P.5f]):

Self-Perception: Images of Oneself or of Others

The first category of suitable visual feedbacks when approaching frontally
includes mirror images that rely on self-perception as soon as passers-by enter
the sensor space (O Chapter 3.3). Another option is to shoot and display a photo
every 5 seconds as long as a person is detected [Fakesch 2013, P.13]. Compared to
realtime mirror images such ‘freezed mirrors’ have the advantage that a person
can be seen on the screen at any time. The identified frontal feedback strategies
that rely on self-perception or images of others can be summed-up as follows:

Images of Oneself or of Others

Realtime Mirror Augmented Mirror Photo Mirror

Movement: Distance-Controlled Feedback

Distance-controlled feedback uses the movement towards the display when
passers-by are nearing frontally to impact the color intensity, vertical position or
size of visual stimuli [Fakesch 2013, P.7f]. Such visual feedbacks rely on attention
cues such as physical intensity or looming (O Chapter 3.2). Passers-by can also be
given the impression to walk through a 3D scene in first-person perspective
when they are approaching [Fakesch 2013, P.12], thus amplifying the perception of
optical flow. The distance-controlled feedbacks can be categorized as follows:

Distance-Controlled Visual Feedback

Intensity Position Looming Optical Flow
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Studies with Portrait-shaped Displays

Most similar to the life-size displays which we used in this study are the four
screen units of the Magical Mirrors display row which were installed behind
the street windows of the SAP headquartes in Berlin [Michelis 2007]. Most other
works on interactive public displays used smaller, standard-size portrait-
ratio displays such as [Reitberger 2009] and [Miller 2012]. In order to display user
representations of passers-by on preferably large displays, [Grace 2013] further
used a landscape-shaped display and [Akpan 2013] a wide wall display.

Approaching Displays Frontally

The field studies presented in this chapter examine the common situation
in public space when passers-by approach interactive displays frontally. In
contrast, the life-size displays of the Magical Mirrors were installed along a
typical sidewalk trajectory where passers-by passed sideways [Michelis 2009].
The displays of [Miller 2012] were located at a corner shop where they were
not approached frontally. The displays by [Peltonen 2008] and [Grace 2013] were
installed behind a shop window respectively within an indoor corridor and
were also not located directly at the end of a frontal trajectory. In our field
study [Beyer 2013], the centrally deployed Interactive Advertising Column was
approached frontally and directly in the majority of cases (U Chapter7.3.2).

Noticing Interactivity

In regard to attracting attention and understanding interactivity, [Michelis 2009]
compares different conditions including mirror images and abstract visual
effects, [Miller 2012] different mirror images and call-to-action, [Beyer 2013] and
[Grace 2013] stick-figures, and [Beyer 2014] mirror images and different interactive
illustrations. In this chapter we examine the effectivity of interactive mirror
images, illustrated and abstract feedbacks when they are seen frontally.

Analyzing Passer-by Reactions

In regard to analyzing passer-by reactions, most studies simply count the
number of interactions with the screen. [Grace 2013, P.4] recorded who faced
the display for at least one second, and [Michelis 2009, P.137f] even kept count
of single interaction phases such as subtle, direct and repeated interaction.
In this work, we further break down the analysis to detailed initial phases
such as attention, initial reactions to the feedback and explicit interaction.
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8.3 Study 1: Door Display

The first study with a Door Display

revealed several situational challenges that can
occur If passers-by approach an interactive
outdoor display frontally but need to directly
pass through it.

@:XEXD Using a Front Door as Interactive Display

Outdoor Deployment and Hardware

In this first study exploring the reactions of passers-by to visual feedback when
approaching frontally, we used a front door of a university building as interactive
display (see Figure 8.2). The front door had the same size as the screen of the
designed Interactive Life-size Display (O Chapter 5.3), but allowed us to conduct a
field study within an outdoor environment during the harsh weather conditions in
December. One specialty of this Interactive Door Display was that passers-by
did not only approach it frontally, but also directly until they finally passed right
through it. The walking trajectory towards the display was 30 meters long such
that passers-by discovered it early. The display was realized with rear-projection
from inside the building using the same opaque material as the life-size display,
and the Kinect sensor was also integrated unobtrusively from inside the building.

Study Procedure

The field study was conducted in the evening hours during a public event, the
institute’s open lab day. Visitors of the event had to use the walking path towards
the interactive door display which constituted the only access to the building,
thus perceiving the interactive contents when approaching. When they opened
the door to come inside, the rear-projection was automatically interrupted until it
closed again to not dazzle them by the beamer light (O [Fakesch 2015, P.15f]).
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@:XEX) Interactive Content

Visual Theme: Event Advertisement

To instantiate single study conditions for the defined variables and to ensure
comparability, Jens Fakesch designed a constant visual theme such that all
visual feedbacks used the same colors and graphical styles. According to the
event taking place, all conditions represented interactive adverts for the open lab
day and thus used visual elements relating to this topic. They further were equal
in that they all ended with the animated text ‘Welcome to the Open Lab Day'’.

Single Visual Feedback Conditions

On the basis of this visual theme Jens designed 10 visual feedback conditions
(see Figure 8.2). According to the identified attention cues for distance-controlled
feedbacks (O Chapter 8.2.2), in the first condition the movement of approaching
passers-by was translated such to the screen that the color intensity of the visual
elements increased (intensity), in the second the same visuals increased in size
(looming), and in the third they formed a circle and moved apart radially, thus
giving the impression of walking through a tunnel (optical flow). In the fourth
condition a status bar was moving upwards when people were coming closer
(position), the fifth realized the optical flow by letting passers-by walk through a
3D scene in first-person perspective when approaching, and in the sixth the
intensity (amount, size and speed) of particles increased. The visual feedbacks
based on self-perception included a greenscreen image, a greenscreen image
augmented with particles, and a static photo image of the area in front of the
screen which was updated every 5 seconds as long as a person was detected.
The non-interactive baseline just showed a classical static poster advertisement.

@:XEX) Data Collection

In this study the objective methods included field observation, video recordings
and sensor logging, as well as semi-structured interviews for the subjective data.
The videos were recorded from three different camera perspectives, two being
targeted towards the direction from where passers-by were approaching and the
third filming from the opposed direction to also capture the visual feedback on
the screen. 24 interviews were conducted, but only inside the building after users
had entered the door, to avoid that the interviewer himself would be an attractor.
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Figure 8.2: Visual feedbacks when approaching the interactive door display frontally.

@ Preliminary Findings

Within the 3 hours and 20 minutes of analyzed video material 112 encounters of
passers-by with the door display were counted, which included 62 (55%) singles,
36 (32%) pairs and 14 (13%) groups. Even slightly more people left the building
during that period. Merely 13 feedback reactions such as people suddenly
stopping, smiling or pointing to the display could be observed, and also only 16
entities (6 singles, 7 pairs and 3 groups) interacted actively with it by moving
their arms or walking back and forth. We could trace this low engagement back
to the harsh weather conditions on that winter evening (it was sleeting), but also
discovered a design fault of the door display: people leaving the building did not
only interfere with the visual projection when coming from inside, but many of
them — now privy to the display’s interactivity because of the interviewer on the
stairwell — started to interact only now. In total 19 entities (7 singles, 8 pairs, and
4 groups) interacted after they had left the building, and as a result 10 singles, 5
pairs and 4 groups who were arriving became aware of the display by the
honeypot effect and of its interactivity by proxy interaction (0 Chapter3.3.4), and not
by themselves. We also observed that 6 people were distracted by looking down
onto their smartphones when arriving, and that 3 took photos of the display. The
interviews revealed that of the 24 interviewees 13 (54%) had noticed the screen
when entering the building, 9 (37.5%) had understood that it somehow reacted
to them, but only 3 had tried to interact explicitly and 2 recognized the distance
control. We further observed that switching the single conditions all 60 seconds
was too fast, such that many people had no chance to recognize the feedback.
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8.4 Study 2: Entrance Hall

The second study with the Interactive
Life-size Display was conducted within an
iIndoor environment similar to a shopping mall,
where passers-by approach the display frontally
but can pass it at the side.

@:XX D Study with an Interactive Life-size Display

Deployment within an Mall-like Environment

In the second study on exploring how passers-by notice visual feedback when
approaching frontally, we used the Interactive Life-size Display (& Chapter 5.3). We
deployed it within a main university building with a high passer-by frequency and
a floor plan similar to a shopping mall with straight arcades and intersections.
According to the typical deployment locations of flat portrait-ratio displays in
shopping malls (O Chapter 2.3.3), we installed the life-size display in the middle of
the hallway where passers-by approached the display frontally but could walk by
on the left and right main trajectories if they did not stop to interact (see Figure 8.3).
This way we could avoid many of the interferences experienced in the first study.
The display was installed nearby an intersection and most passers-by did not
discover it before coming around the corner so that the chance of noticing
interactivity by seeing others interact from afar (proxy interaction) was minimized.

Study Procedure

The field study was conducted over four days in the week before christmas.The
reactions of all visitors of the building that approached the display frontally from
the three main trajectories during that time were analyzed, while people who
approached in the reverse direction from behind the display were ignored.
According to the finding of the first study that switching the contents every 60
seconds was too fast, the interval was extended to 5 minutes. Also in this study,
Kinect and camera sensors were integrated unobtrusively to the environment.
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Figure 8.3: Deployment of the Interactive Life-size Display within a mall-like location.

@X-XD Interactive Content

Visual Theme: Christmas Theme

The open lab day theme used in the first study was not relevant anymore, and as
situation-related contents attract more attention and the second study was
conducted in the week before Christmas, Jens Fakesch designed a Christmas
theme with visual elements such as baubles, snowflakes and decorated trees to
instantiate the same conditions as in the first study. The ending animation of all
feedback conditions now displayed the same text ‘Merry Christmas’.

Visual Feedbacks based on Self-Perception

On the basis of this new visual theme another 10 visual feedback conditions were
designed which followed the same interaction principles as the contents of the
first study (see Figure 8.4). The visual feedbacks based on self-perception again
included realtime and static mirror images in live size, which were not controlled
by distance but allow any action by the users: the greenscreen image (GS), the
greenscreen image that was augmented with particles emerging at the user’s
hands (AS), and the photo image (PH) that freezed an image of the scene in front
of the screen for the next 5 seconds as long as someone was detected within
the sensor space. The non-interactive baseline (B) just showed a Christmas tree.
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Figure 8.4: Visual feedback conditions: mirror feedbacks and distance-controlled feedbacks.

Distance-Controlled Visual Feedbacks

In the distance-controlled conditions the passer-by vertical movement was again
translated to color intensity (IN), the looming stimuli size (SZ) and growing circle
(CI), with the only difference that now visuals such as Christmas baubles were
used. In the condition were the movement was translated to the vertical position
(VE), instead of a status bar a Santa Claus was shown climbing a chimney. In
the three-dimensional optical flow condition (FL) approaching passers-by could
now trudge through the snow of a winter scenery in first-person perspective. The
last visual feedback were the particles (PA) increasing in amount, size and speed.

EB Data Collection

Similar to the first study, data on passer-by reactions was again obtained by field
observation, video recordings, sensor logging and semi-structured interviews:

Data Collection

Field Video Sensor Semi-Structured
Observation Recordings Logging Interviews

One camera recorded passers-by reactions frontally from top of the display, and
a second one from diagonally behind to capture the correlation of user actions
and visual feedback. To avoid that the interviewer attracts attention, all interviews
were conducted at a remote location with people who had already interacted.
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Video Analysis: Attentional Reactions

Coding Scheme: Defining Subjects and Conditions

Of the four days of the field study, a sample of 17 hours of the video material
was analyzed using Noldus Observer. In the coding scheme, not each passer-by
was coded as a single person, as members of groups can also learn about
interactivity from the reactions of the first active user instead of from the
feedback. As this special case was not of interest, subjects were defined as
singles, pairs and groups. To correlate passer-by reactions with the currently
shown visual feedback, the changing conditions were also scored continuously.

Coding Scheme: Analyzing the Initial Reactions in Detail

To distinguish how effective the tested visual feedback conditions were in regard
to different levels of attracting attention and communicating interactivity, a main
objective was to identify the single stages of the initial reactions of passers-by
such that they could be analyzed in detail. The distinguished stages of noticing
the visual feedback (O Chapter 3.3.2) were attention, intentionality of controlling the
feedback, and understanding of the interactive capabilities:

Attention Understanding

Focusing Aware Intentional Correct

Ignoring Unaware Unintentional Wrong

Only conclusions on viewer awareness of interactivity could hardly be drawn
from the video data, and required subjective measures such as interviews.
Instead, selective attention could be easily identified by analysing passers’-by
viewing behavior and bodily responses such as orientation and surprise
reactions. Intentionality could be interpreted by looking at both passive reactions
and explicit actions, and the understanding of the interaction by evaluating the
success of all explicit actions, i.e. by looking at if mainly supported (correct) or
unsupported (wrong) actions were performed. This resulted in combined
behavioral states such as for example focusing and unintentional or focusing and
intentional and wrong. To further compare the performance of the feedbacks, the
durations of such single states and the time that had passed since entering the
sensor space was kept. The analysis process can be simplified as follows:
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Selective Attention

Focusing Ignoring

Initial Reactions to Visual Feedback

‘e

Any Bodily Response No Reaction

‘e

Explicit Interaction

Correct Wrong
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8.9 Study 2: Findings

The study showed that

mirror images, photos and visual feedbacks that
correlate with passer-by movement are effective,
but differently in attracting attention and
communicating interactivity.

@ XX General Observations

Counted Passers-by

During the four days of deployment the entrance hall was highly frequented with
passers-by and in this week before Christmas many people seemed to be in a
rush. Within our sample of 17 hours of analyzed video material 434 encounters of
passers-by with the Life-size Display were counted, which included 317 (73%)
singles, 85 (20%) pairs and 32 (7%) groups of different sizes.

Initial Reactions to Visual Feedback

Passer-by reactions to the visual feedback usually could be clearly determined
and included orientation and surprise reactions (indicated by sudden stopping
or smiling) as well as adaptation of walking trajectories. Passers-by almost
instantly looked at the screen and reacted within seconds to the visual feedback.
We also observed a small number of recurring passers-by, who could be clearly
identified as they were starting explicit interaction immediately. If passers-by
ignored the display they were often in a rush, in deep conversation or thought.

Explicit and Correct Interaction

If passers-by had noticed interactivity they often engaged for several minutes
and their progress on understanding the contents could be clearly determined.
For example, if passers-by posed in front of the freezed photo image and waited
for the next photo to be taken, or if they walked back and forth in front of the
distance-controlled feedbacks, they had understood the respective principles.
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Figure 8.5: The static photo, opt|cal flow and the looming stimuli attracted the most attention.

@:X-¥) Feedback Performance in Attracting Attention

Noticing the Screen

Out of the 434 passer-by entities who entered the interaction space, 235 (54%)
focused their attention on the screen. The most effective feedbacks in attracting
attention were the freezed photo image (PH) with 72% of passers-by looking at it
and the optical flow (FL) where 71% noticed themselves walking in first-person
view. The looming stimuli size (SZ) and circle (CI) were also more effective than
average with 62% and 57%. All other feedbacks performed below-average. Even
the real-time mirror conditions greenscreen (GS) and augmented greenscreen
(AS) did not attract more attention than the non-interactive baseline (B).

- Self-Perception Distance-Controlled

49% 72% 50% 53% 47% 53% 62% 57% 36% 71%
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Figure 8.6: Attention performance of the different visual feedbacks when approaching frontally.

Durations until Attention

Passers-by looked quickly towards the screen: after entering the sensor space
they interacted unintentionally with the display for on average only 1.3 seconds.
This initial phase was nearly equally short for all feedback conditions (o: 0.1s).
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Figure 8.7: The realtime mirror images and the optical flow communicated interactivity best.

@ Feedback Performance in Communicating Interactivity

Durations of the Initial Interaction Phases

If passers-by had focused their attention on the visual feedback it lasted on
average another 2.5 seconds before they showed any reaction, and this phase
of unintentional interaction was also comparably short for all conditions (o: 0.6s).
In contrast to these initial reactions, the time it took viewers until they began to
interact explicitly after entering the sensor space varied strongly between the
single conditions, and the durations until they interacted correctly with the
contents varied even more. The principle of the augmented mirror images was
understood fastest. Figure 8.8 shows for the six most effective conditions the mean
durations that viewers interacted unintentionally with the visual feedbacks after
noticing the screen, as well as the time that elapsed after entering the sensor
space until any explicit interaction and until any correct interaction.
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8.8: Durations of unintentional (grey), time until any (blue) and any correct interaction (yellow).
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Explicit Interaction with the Feedbacks

The best performance in communicating interactivity in general (i.e. that some
kind of interactivity is available) was attained by the real-time mirror images and
by the three-dimensional optical flow. Of all passers-by who initially noticed the
screen, 43% interacted actively with the greenscreen, 44% with the augmented
one, and 40% with the optical flow (see Figure 8.9, top values). Also a notable number
of the initial viewers tried to interact with the vertical stimulus (29%), the color
intensity (20%), the circle size and the photo (each 19%). The looming size of the
stimulus and the particles enticed the fewest people to interact.

Correct Interaction with the Feedbacks

The feedback conditions that effectively signaled presence of interactivity at all
often also performed well in communicating their actual interactive capabilities.
This is of course ftrivial for real-time mirror images, as there is per se no wrong
gesture and people can only interact in a correct way with them. Beyond the two
greenscreen conditions, the best performance in communicating the correct way
of interacting was attained by the three-dimensional optical flow. Of all people
who had initially noticed the screen, finally 32% understood the principle of
walking back and forth very well (see Figure 8.9, solid bars). The static photo and the
vertical stimulus attained 19% and the growing circle 15%, while the rest
performed low in communicating their actual interactive capabilities.

- Self-Recognition Distance-Controlled

0% 19% 43% 44% 20% 29% 9% 19% 9% 40%

43% 44%
32%
19% 19%
15%
0% 6% 9%

o e fos el e ]alafe

Figure 8.9: Share of viewers who interacted explicitly (fop values) and correctly (solid bars).
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Figure 8.10: Users interacting with the visual feedbacks after they noticed the interactivity.

@:X-X:D Reactions of Singles, Pairs and Groups

Attention Performance

Of the 199 entities who ignored the display, 78% were singles 19% pairs and
only 4% groups. Of the 235 who noticed it 69% were singles, 20% pairs and 11%
groups. This shows that especially groups are more likely to notice the screen.

Noticing Interactivity

The size of an approaching group of passers-by seems also to influence how
intensively users engage with the content and how well they understand its
interactive capabilities. While singles represented the majority of passers-by who
noticed the display, only 10% of them finally also interacted correctly with the
content. Instead, despite their low overall share, 35% of pairs interacted correctly
with the feedbacks, and of all groups who noticed the screen even 40% would
end up with at least one member figuring out the interaction principle.

@:X-X) User Position in Front of the Life-size Display

When interacting with the interactive feedbacks, users mostly positioned
themselves or moved within the limited central region defined by the horizontal
width of the Life-size Display, similar to the observations made in Chapter 6.3.3.
Both with the distance-controlled feedbacks and the mirror conditions users
walked back and forth within this central corridor when interacting with the
contents (see Figure 8.10). Multiple users either shared this narrow strip in front of
the screen, or alternatively passive users waited at the side. When passers-by
initially approached the display, they were at first often in a slightly diagonal body
orientation as they headed for one of the trajectories going past the display at
the side. As soon as they noticed interactivity, they adapted their walking path
and walked up to the display now assuming a completely frontal body oriention.
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@:XX-) Subjective Data: Noticing Interactivity

Moment of Noticing the Display

Out of 15 people that were interviewed, 8 (53%) came around the corner of the
nearby intersection and began to approach the display frontally, 3 (20%) turned
into the frontal trajectory after entering from the side entrance of that intersection,
and another 3 approached the display directly from the opposing entrance.
Except for two interviewees who had already noticed the display the day before,
most stated that they had become aware of it when coming around the corner.

Moment of Noticing Interactivity

The interviews confirmed the findings from the video analysis that passers-by
usually noticed the display’s interactivity within seconds (O Chapter 8.5.3). As only
passers-by were interviewed who had previously interacted with the display, all
of them had noticed or learned about interactivity in some way. Out of the 15
interviewees, 7 (47%) stated that they had noticed the visual feedback right in the
moment when they were approaching the display frontally, 3 (20%) when coming
around the corner, and another 3 (20%) when they were passing the display.

Reasons for Noticing Interactivity

Discovering the images of persons or visual feedback to one’s own movements
were the two main reasons for noticing interactivity. When asked why they had
become aware of interactivity, 7 (47%) of the interviewees stated that they had
recognized a mirror image or photo of themselves or other people, and 5 (33%)
stated that they had become aware of interactivity by the reactions the display
gave to their body movements. Only one interviewee had learned about
interactivity by hearsay, and another had seen people interacting the previous
day (proxy interaction). Also only one interviewee had discovered and could
identify the disguised Kinect sensor installed on top of the display.

User Experience

The interviews confirmed the observation that the display with its festive,
situation-related contents was received positively by the audience and that
passers-by had fun interacting with the contents. When asked for the assumed
purpose of the display, 6 believed that it had been set up to provide fun and
entertainment, and 3 that the property just wanted to wish the visitors a Merry
Christmas. Further assumed purposes were advertising or visitor information.
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8.6 Interpretation

Early visible and salient visuals

such as photos with key stimuli better attract
attention, while mirror images and feedbacks
that are based on mental models do better
communicate interactivity.

@:X:X D Strong Attention Performance of Some Feedbacks

Good Perfomance of the Photo Condition: Images of Humans

Surprisingly, the static photo condition with 72% reactions performed best in
attraction attention in the frontal situation, and in particular was considerably
more effective than the two interactive feedbacks based on self-recognition, the
greenscreen and the augmented greenscreen, with 50% and 53% of passers-by
reacting (O Chapter 8.5.2). The reason for this may be that human perception does
not only provide capable mechanisms for recognizing onself, but also for quickly
recognizing other humans. While the photo images are neither physical intense
nor dynamic, they show previous passers-by engaging playfully with the screen.
Such images of humans and the involved faces, gestures and social interactions
are key affective stimuli, triggering automatic reaction patterns (O Chapter 3.2.2).
The shown social scene may also match with an internal schema image that is
processed holistically and without mental effort before any details are decoded.
The photo condition thus relies on basic mechanisms of the classic toolset of
advertising to attract attention. In addition, the better performance in comparison
to the mirror images may result from the fact that the static photo images can
already be seen from the distance, while interactive mirror feedback cannot be
perceived until passer-by have entered the sensor space in front of the display.

} Images of humans performed best as they are rapidly recognized

affective stimuli and are also visible outside the sensor space.
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Good Performance of Some Distance-Controlled Feedbacks

Of the distance-controlled feedbacks, the optical flow with 71% reactions
performed just as well as the photo image and better than the mirror images in
attracting attention. The looming stimuli size and circle size with 62% and 57%
were also very effective, while color intensity and vertical motion performed low.
When approaching frontally, there are two possible reasons for initially becoming
aware of the screen: people are either attracted in the classical way by physical
and emotional attributes of the visual contents, or surprised by an unaware initial
interaction (O Chapter 3.3.2). We observed that frontally approaching passers-by
mostly recognized the distance-controlled feedbacks, similar to the photo image,
already before entering the sensor space. If they afterwards noticed interactivity
by an unaware initial interaction, this led to further attention to the screen, but the
initial attention was raised by the salience of the initial state and not interactivity.
Thus the physically intense optical flow which used the common schema winter
scenery was most effective, while contents which were too subtle were not.

When approaching a display frontally, classical attraction cues can

raise the initial attention before interactive feedback is triggered.

Overproportional Attention of Pairs and Groups

Similar to the prior field studies, fewer pairs and groups encountered the public
display than single persons, but they disproportionately often noticed the display
and with 35% and 40% correct interactions also understood its interactivity best.
This is explained by the fact that in this scenario where passers-by approach the
screen frontally successive groups and group members can see how other
people walking in front of them interact, respectively how they unintentionally and
possibly unawarely trigger the interactive feedback while striding through the
sensor space (proxy interaction, < Chapter 3.3.4). This means that while many
contents of this study attracted attention early by classical attraction cues which
are already visible before entering the sensor space, in the case of multiple
approaching passers-by also the surprise over the observed unaware interaction
respectively visual feedback of preceding people can be the triggering stimulus.

When succeeding groups approach frontally, people become aware

of the display and its interactivity by seeing others trigger feedback.
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@:X-X)) Feedbacks that Effectively Communicate Interactivity

Good Performance of Self-Recognition

While the static photo outperformed the interactive mirror feedbacks in attracting
attention, the opposite was true when it comes to conveying interactivity: the
greenscreen image and augmented greenscreen with 43% and 44% correct
interactions were understood much better than the static photo with 19%, and
with durations of 1.5 and 1.3 seconds until the first interaction also much faster
than the 5.1 seconds it took to discover the photo funtionality. The reason for the
fast comprehension of the realtime mirror images may be that when passers-by
are approaching frontally such as in this study, both mechanisms for recognizing
onself in a mirror, visual appearance matching and kinaesthetic-visual matching,
can come fully into effect (O Chapter 3.3.5). This would be different if the display is
approached from other angles. Even if the static photo depicted the surrounding
space, it was not understood before it refreshed with a flash each 5 seconds.

While mirror feedback atttracts attention less effectively than photos

of humans, it conveys interactivity effectively when it is seen frontally.

Good Performance of the Optical Flow

The distance-controlled optical flow condition, which gave passers-by the illusion
of striding through a three-dimensional scene in first-person view, did not only
perform outstandingly in attracting attention, but also in conveying interactivity.
With an average duration of 4.5 seconds until the first explicit and further 1.5
seconds until the first correct interaction, it was understood fastest among all
distance-controlled feedbacks, and with 40% of attentive passers-by interacting
(832% correctly) understood just as well as the mirror feedbacks (O Chapter 8.5.3).
This condition may have been comprehended so well because it simulated the
real optical flow which we perceive during locomotion in space and which is an
integral part of visual kinesthesia [Gibson 1979]. Humans also have a mental model
of striding through a corridor. If they notice that their own movement correlates
with the reverse motion of a virtual corridor, they are caught by surprise.

} The optical flow builds upon basic mechanisms of spatial motion

perception that can be easily recognized and be related to oneself.
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Other Distance-Controlled Feedbacks

The other distance-controlled feedbacks performed low in conveying interactivity.
Only few passers-by interacted correctly with the looming stimuli size and circle
and it also took them long to discover the function principle of these feedbacks.
The reason for this may be that the mode of action of looming stimuli is to startle
viewers out of the corner of their eye [Schonhammer 2013, P.167]. But while this could
not take effect in our case where frontally approaching passers-by often noticed
the contents before they could trigger any feedback (O Chapter 8.6.1), such stimuli
also do not correspond to any common mental model or functioning principle.
The same applies to the feedbacks translating user movement to color intensity
or particles, as such specific correlations have no analogy in real life and thus
are hard to discover. At least the interactivity of the vertically moving stimulus
was noticed by 29% and after 2.2 seconds, but also only 19% discovered the
correlation to the user distance and did not interact correctly before 8.8 seconds.

} Distance-controlled feedbacks that did not rely on a common mental

model usually performed low in communicating interactivity.

@:X-X) Summarizing the Conclusions

Both the visual feedbacks based on self-recognition and the distance-controlled
feedbacks showed individual strengths and weaknesses in regard to attracting
attention and conveying interactivity. In the tested situation where passers-by
approach the display frontally and thus can already see it before they enter the
sensor space and trigger feedback, the contents already attract attention by their
visual salience. The static photo and the looming feedbacks performed well in
attracting attention but low in conveying interactivity, while mirror images vice
versa grabbed less than average attention but instead were understood
effectively. This shows that feedback strategies can perform well in one task and
at the same time low in another. The distance-controlled optical flow performed
well in both tasks und thus is a potential alternative to classical mirror feedback.

} Feedback strategies have their assets and drawbacks and can be

differently effective in attracting attention and conveying interactivity.
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Open Issues

Summarizing the findings of the field studies with the Interactive Life-size Display
and the Door Display, the following issues are left open at this point of research:

Other Installation Sites
How can portrait-ratio displays effectively attract attention and convey
interactivity if they are approached from other angles or seen from afar?

Frontal Display Rows
How can effective visual feedback be designed for frontal display rows
where the single screen units are deployed one after another?

Distance-Controlled Feedback
How can long-range distance-controlled feedback be provided to
multiple passers-by walking at different distances at the same time?

Mental Models

Which other mental models can be used as visual feedback that
effectively conveys interactivity when approaching displays frontally?

Combining the Advantages

How can visual feedbacks that better attract attention be effectively
combined with such ones that better communicate interactivity?
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8./ Takeaways

Interactive Life-size Displays

are suited for visual feedbacks that work when
approaching frontally, but most do not perform
equally well in attracting attention and
conveying interactivity.

@:E XD Recommendations for Life-size Displays

Approaching Displays Frontally and Directly

In the first study with the frontally approached door display, people coming from
behind the display interrupted the interaction process on the front side when
passing through the door. Even if a frontally oriented display is not passed
through directly such as in the second study, people coming from the opposite
direction still cause more interferences with the front side as compared to lateral
displays where people interact at the side. Further, the narrow interaction space
of frontal displays encourages crowding, honeypot effects and proxy interaction.

R 8.1 Consider Interferences if People can Approach
the Display frontally and also from both Sides.

People coming from the other side can interfere with the interation process.

Initial Interaction and Sensor Space

When a display is approached frontally, it often can already be seen from afar.
This can affect the process of the unaware initial interaction with the display, if
passers-by notice salient contents long before they enter the limited range (in
our case 4 meters) of the sensor space and thus before visual feedback can be
triggered. This is another difference compared to lateral displays, where people
discover the screen and the visual feedback late when passing by sideways.
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R 8.2 Consider the Limited Range of the Sensor Space
in front of Frontally Approached Displays

Passers-by can notice the content before visual feedback is triggered.

Content Loop

In the first study, the single conditions switched every 60 seconds which was too
fast: some approaching passers-by had no chance to discover that the content
reacts to them when the condition suddenly changed. This also compounded
the analysis as no clear statement could be made for what reason a person
reacted. This finding is also relevant for other types of displays, but especially for
frontally approached ones as they are observed longest by arriving passers-by.

R 8.3 In Case of a Content Loop Avoid Switching the
Single Conditions Too Fast

Otherwise many passers-by will not recognize the visual feedback.

@ XX Designing for Attention vs. Understanding Interactivity

Strengths and Weaknesses of Interactive Feedbacks

The second field study revealed that most of the tested feedbacks have their
strong and weak points and are differently effective in attracting attention and
conveying interactivity, such as the photo condition or the looming feedbacks
which performed stronger in attracting attention or the mirror images which
performed stronger in conveying interactivity. For this reason, visual feedbacks
should be tested for their individual strengths and weaknesses first and then be
chosen according to the current situation, display site and content requirements.

R 8.4 Test Interactive Feedbacks for how they Perform
in Attracting Attention and Conveying Interactivity

Most contents may not perform equally well in both domains.
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Designing Initial Feedback when Approaching Frontally

Static Photos as Strong Attractor

We found out that in the frontal situation, the photo condition did attract much
more attention than the mirror feedbacks and most of the distance-controlled
feedbacks, as images of humans are strong affective stimuli and can already be
seen from afar. This is why smooth photographs of humans are one of the most
commonly used image motifs in classical advertising. Yet as the interactive
photo was not very effective in conveying interactivity, it may be combined with
further feedbacks which are more effective once people enter the sensor space.

R 8.5 Use Static or Moving Images of Humans if a
Strong Attractor is Needed

They can be seen even before people are entering the sensor space.

Mental Models as Effective Alternatives to Mirror Images

As the distance-controlled optical flow condition performed almost as well as the
mirror feedbacks in conveying interactivity and even outperformed them when it
comes to attracting attention, it constitutes an effective alternative in the frontal
situation. The good performance of the optical flow can be explained by the fact
that it, in contrast to other distance-controlled feedbacks, relies on widespread
and deeply ingrained mental models and perceptual mechanisms.

R 8.6 Use Feedbacks that follow a Clear Mental Model

Otherwise particularly distance-controlled visual feedbacks might not be

able to convey interactivity effectively.

Intensity of Feedback

Some feebacks were not physically intense and distinguishable enough, such as
the condition which translated the movement of approaching passers-by to color
intensity. As it did not only lack a mental model but also was too subtle due to
the absence of movement, no passer-by found out the correct way to interact.
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R 8.7 Avoid Too Subtle Feedback

If the visual changes are not discernible enough, people will not be able to

link the reaction on the screen to their own movement.

@&EX D Measuring Behavior

Camera Setup

In this scenario where users are approaching frontally, basically only two camera
perspectives are required: one camera that is directed right towards the
approaching passers-by from the top position of the display in order to record
the viewing behavior as well as all bodily responses such as orientation and
surprise reactions, and a second one in front of the display that captures the
screen and users diagonally from behind and thus keeps track of the correlation
of user actions and visual feedback, as well as the user distance to the screen.
Further, as described above, contents should not be switched too fast, such that
usable conclusions on user reactions can be made in the video analysis.

R 8.8 Use Suited Camera Perspectives

In the frontal situation, it needs one camera for passers’-by reactions, and
another for correlating user actions and the visual feedback on the screen.
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CHAPTER 9

PASSING BY
SIDEWAYS

Attracting Attention and
Communicating Interactivity
when passing by long
Interactive Banner Displays



9.1 Background

When passers-by are passing by sideways
the challenge for attracting attention and
conveying interactivity is that the display and its
content are at first only perceived in the
periphery.

@EKED Attracting Users when Passing By Sideways

The most common way people encounter advertising displays on city sidewalks
is sideways: the screens are installed behind shop windows or building facades
in parallel orientation towards the walking trajectory (O Chapter 2.3). When walking
along streets, passers-by largely look towards the movement direction, but they
also scan the environment for salient stimuli and their viewing direction can be
determined by social interaction or mobile screens (O Chapter 3.1). Thus, a major
challenge is how their attention can be attracted and interactivity be conveyed at
such typical sidewalk trajectories where the display appears at an angle of 90°.

@XF¥ Unaware Initial Interaction along a Long Banner Display

When people are passing by sideways this way, visual feedbacks that work well
when approaching frontally may not be effective when perceived in the periphery
and thus cannot be simply transferred to such sidewalk situations. Instead, to
make people turn their heads away from their movement direction to become
aware of the screen at 90° and surprise them by an unaware initial interaction, an
effective combination of both a suited display and visual feedback is required.
We had developed the Interactive Banner Display with a long continuous surface
to expose passers-by as long as possible to visual feedback and to avoid the
disruptions of display rows that make it difficult to understand the correlation with
one’s movement (O Chapter 5.4). Now we wanted to explore which visual feedbacks
are effective with such long displays in sideways orientation (see Figure 9.1).
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Figure 9.1: If a public display is passed sideways it has to attract passers-by at an angle of 90°.

@K Questions and Issues

Consequently, the most generic question of this research was how do visual
feedbacks have to be designed to attract attention and convey interactivity on
such long displays which are parallel to sidewalk trajectories, and how can
interactive strategies for displaying them achieve that passers-by who are
passing by sideways notice them in the periphery and turn their glance towards
them for a more detailed inspection (O Chapter 3.1). In detail, we wanted to know
which positions and movement strategies for displaying the visual stimuli would
facilitate the recognition and understanding of the interactive feedback. For
example, stimuli which are displayed parallel to passers-by at an angle of 90°
may be hard to perceive, while positions ahead of them are closer to the line of
sight and thus may be more noticeable. Further, the movement of visual stimuli
in relation to passers-by may play a role in how effectively they understand the
correlation with their own movement when walking by. In addition, different visual
representations such as mirror images or more abstract, stylized or illustrated
stimuli may be differently effective when perceived in the periphery or from a
slanted angle. Finally, a basic question at the very beginning was where, in
practice, passers-by would generally look at in typical sidewalk situations.

250



Q 9.1 Attracting Attention Sideways
How can long displays attract the attention of passers-by when they are
passing by sideways and the display appears at an angle of 90°?

A 9.2 Communicating Interactivity Sideways
How can long displays convey their interactivity when people are passing
by sideways, and which reactions do people show when they notice it?

Q 9.3 Positions and Movement of Visual Feedback
Where on a long sideways display should visual feedback be displayed
and how should it move such that people notice and understand it?

Q 9.4 Effective Visual Feedback Representations
Which visual feedbacks such as mirror images or more abstract stimuli
are effective when being perceived in the periphery?

Q 9.5 Passer-by Visual Attention
Where do passers-by generally look at when walking along sidewalks and
how does this affect how people notice interactive displays at the side”?
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9.2 Field Study

We conducted a field study with the
Interactive Banner Display

to explore the effectiveness of different
strategies for displaying visual feedback when
passers-by are passing by sideways.

@EEXD Study Context

To explore how long continuous interactive out-of-home displays can attract
attention and communicate their interactivity when passers-by are passing by
sideways and to compare the effectiveness of different visual feedback
strategies, a field study was carried out. Nina Jager carried out this research as
part of her bachelor’s thesis [Jdger 2013]. The research work began in autumn
2012, and Nina conducted the outdoor field study of six weeks length discussed
below in early 2013 with the Interactive Banner Display presented in Chapter 5.
Partial results of this field study have been published at the DIS 2014 conference
under the title The Puppeteer Display: Attracting and Actively Shaping the
Audience with an Interactive Public Banner Display [Beyer 2014].

FACTS Idea

Type
Directing
Advising
Software
Date
Location
Prototype

Publications

Attracting Users with a Long Banner Display when Passing by Sideways
Observational Field Study

Nina Jager

Gilbert Beyer

Underwater World [Jager 2013]

March 2013—-April 2013

Street Window, Amalienstr. 17, University of Munich

Interactive Banner Display

Bachelor’s Thesis Nina Jager [Jager 2013],
DIS 2014 Conference [Beyer 2014]
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@EXEXD Hypotheses and Assumptions

Noticing Interactivity when Passing by Long Displays

Implicitly assuming that the Interactive Banner Display would be long enough to
make people react and stop before they had passed it completely (O Chapter 5.4),
in regard to potential screen contents we hypothesized first of all that providing
interactivity or reactivity in the form of visual feedback to passers’-by movements
when they are passing by sideways would attract more of their attention than just
displaying non-interactive visual stimuli without any relation to passers-by.

|
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2 ahead ;
3 fullscreen :
1
1

é’ - i - gt

Figure 9.2: Positions and directions of visual feedback when people are passing by sideways.

Position and Direction of Visual Feedback

We further assumed that the position and direction of displayed visual feedback
would affect the performance of the unaware intial interaction (see Figure 9.2):
First, in regard to the horizontal position on the screen we hypothesized that
visual feedback which is displayed running ahead in front of passers-by or
fullscreen at any horizontal position might be more effective than feedback that is
displayed parallel to passers-by at an angle of 90°, as this region is at best only
perceived in the far peripheral field when looking in walking direction. Second,
the direction of movement of visual feedback may be a relevant factor in
signaling passers-by the correlation with their own movement. Here the visual
stimuli may either continuously follow passers-by at their walking speed, or vice
versa move at the same speed in the reversed direction, thus doubling the
perceived speed of the optical flow. A third option would be that the visual
feedback emerges orthogonally to passers-by as looming stimuli, thus provoking
startle or defense reactions to a perceived possible threat (O Chapter 3.2.2).
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Mirror Image Foreign Being

Effective Visual Feedback Representations

Finally, the used visual representation or effect may also influence how effectively
visual feedback is noticed in the periphery and understood as such. In practice
the used visual stimuli will be strongly content-dependent and there are infinite
possibilities for visual feedback designs which can attract passer-by attention by
multiple factors such as their salient size, shape, color, animation or emotional or
surprising image schema (O Chapter 3.2.2), which cannot be explored in a single
study. In this study we focused on differences between mirror and silhouette
representations and, from a perspective of content and screen design, more
flexibly applicable graphical illustrations of foreign beings that react to passer-by
movement. This comparison is especially interesting as with mirror images which
show people from the side when they are passing by sideways the mechanism
of self-recognition (O Chapter 3.3.2) may not be effective in the beginning, different
from frontally deployed mirrors where one recognizes oneself easily. Moreover,
mirror images which are displayed parallel to passers-by are also only perceived
in the periphery. Thus we also hypothesized that the salience of the stimuli may
be a more important factor for initially noticing visual feedback in the periphery.
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Studies with Long Sidewalk Displays

The Magical Mirrors [Michelis 2009], a row of four displays deployed along a
sidewalk trajectory, cover a large distance when people are passing by, but
also involve disruptions between the single units (O Chapter 3.3.7). This is why
we developed the long continuous display used in this study (O Chapter 5.4).
Similar wide or long screens are the City Wall [Peltonen 2008], the Climate Wall
[Dalsgaard 2010], the display by [Grace 2013] and the wall display by [Schmidt 2013], of
which only the Climate Wall was deployed at a comparable street sidewalk.

Noticing Interactivity

In regard to surprising passers-by by interactive feedback in the sense of
an unaware initial interaction when passings by sideways, [Michelis 2009, P.161]
describes that people stopped in surprise when they noticed the reaction of
the interactive effects to their own movement and the representation of their
mirror image, but ignored the first display when passing by and stopped
only at the second or third screen to start interaction. This observation is
confirmed by [Miller 2012, P.8] with two consecutive displays at a sidewalk. In
our study with the column [Beyer 2013] many people approached frontally and
noticed interactivity before they arrived, but inattentive ones also reacted
late, shortly before the column or when passing it tangentially (O Chapter7.3.2).

Analyzing Passer-by Reactions

In regard to the quantitative analysis of passers-by reactions to the display,
most studies count the number of interactions with the screen. [Grace 2013, P.5]
additionally recorded who faced the display for at least one second, and
[Michelis 2009, P.137f] even kept count of single interaction phases such as
subtle, direct and repeated interaction of passers-by with the screen.

Attention towards the Periphery

When passing by shop window displays sideways, peripheral attention is a
more important issue than with frontal or diagonal approaching trajectories
towards public displays. Peripheral awareness is discussed in the context
of a waiting zone environment in [Brignull 2009] and in regard to interaction
phases in [Vogel 2004]. In a field study, [Schmidt 2013] explore how a public
display which is oriented sideways can enable more comfortable reading, if
the content is rotated, translated or zoomed when people are walking by.
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@K Interactive Content

Visual Theme: Underwater World

To instantiate different study conditions for all defined variables and to allow
comparisons, Nina Jager designed an Underwater World theme (see Figure 9.3).
All visual stimuli were part of this visual theme which involved various types of
fish, and used constant colors and graphical styles to ensure comparability.
Graphically they where designed in a concise and recognizable way suitable for
an outdoor advertisement. As not all kinds of contents are suitable for a long
banner display, choosing the Underwater World as basic theme had several
advantages in regard to the design requirements and the validity of the study:

Requirements for the Visual Theme

Comparability Flexibility Generalizability Extensibility

Understandability Compatibility Reasonableness |dentifiability

From a study design perspective, the used fish stimuli provide a constant basis
for comparisons (comparability), swimming fish can be designed in numerous
variations and allow to implement the variables interactivity, position and
direction (flexibility), and this theme is generalizable and extensible to other
contents such as other animals or products (generalizability and extensibility).
From a user design perspective, fish constitute a non-abstract visual metaphor
which viewers can easily understand (understandability), they can be displayed
and animated on the used long screen format (compatibility), and other than for
example mirror images fish representations also make sense for viewers when
they perceive them ahead of their own position, from the side or even fullscreen
as a school of fish (reasonableness). Further, viewers can distinguish and later
identify differently designed fish which allows to ask them about interactivity and
their perception of individual design elements in post-hoc qualitative interviews
(identifiability). Besides, the fish had also a building-related semantic meaning,
which was of course not evident to the arbitrary public audience: before we had
installed the banner display, the people working behind the large street window
were often compared to fish in a fish tank by passers-by (O [Jager 2013, P.13]).
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Figure 9.3: The Underwater World theme with interactive fish as visual feedback to passers-by.

Single Visual Feedback Conditions

On the basis of this visual theme the single visual feedback conditions were
designed (see Figure 9.4). In regard to the position variable, in the Parallel Stimulus
condition a red fish was displayed parallel to passers-by at an angle of 90° such
that it would be perceived in the far peripheral field when looking in walking
direction. In the Advanced Stimulus condition the same fish was displayed at a
position 1 meter ahead of the user, since people passed the display at about
this distance such that the running-ahead stimulus would be perceived at an
angle of 45° or in the mid-peripheral field when looking straight forward. If people
changed direction, this stimulus also turned and smoothly catched up to their
position. The Fullscreen condition was a school of red fish which also followed
passers-by at walking speed but was displayed at any position on the screen. To
test the influence of the stimulus direction, in another condition this school of fish
moved in reverse direction, and in a Looming condition biting fish attacked
people from the side. While the fish represented foreign beings, we also tested
mirror images and silhouettes to investigate the performance of self-recognition
in this sideways situation. We refrained from testing unpractical combinations of
variables such as different positions or directions of mirror images. We also
tested a Rotated Stimulus where a fish gazed at passers-by. The baseline for the
interactivity variable was the Underwater World just displaying animated stimuli.
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1 Parallel Stimulus (PS) 2 Running-Ahead Stimulus (AS)
3 Parallel Looming Stimulus (PL) 4 Running-Ahead Looming Simulus (AL)
5 Fullscreen Stimulus (FS) 6 Reversed Fullscreen (FR)
7 Silhouette (SI) 8 Greenscreen Image (GS)
9 Baseline (B) 0 Rotated Stimulus (RS)
\ y,

Figure 9.4: The single visual feedback conditions for position, direction and representation.
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@EEXD Deployment and Procedure: Sidewalk Study

Deployment at a City Sidewalk

The Interactive Banner Display was installed at a Munich street sidewalk behind
a shop window, and the surrounding shopping and nightlife district ensured a
steady flow of novice users and a broad demographic (& Chapter 5.4). Most
passers-by approached on the sidewalk such that the screen appeared at the
side at an angle of 90° from the walking direction. Only a few noticed the display
from the other side of the street and then crossed over to approach it frontally.

Study Procedure

The study was conducted over a period of 6 weeks in the afternoon and evening
hours to provide optimal lighting conditions for tracking users by the sensors.
Multiple conditions were shown each day, each for 45 minutes before switching
to the next such that the data would grow evenly amongst them, and only when
certain external conditions were met such as sufficient lighting and weather (no
direct sunlight or rain) and no obstacles in front of the displays (parked bikes).

@EEX) Data Collection

In this study, the methods for aquiring behavioral data included field observation,
multi-perspective video recordings, sensor logging and interviews [Beyer 2014, P.4]:

Data Collection

Field Video Sensor Semi-Structured
Observation Recordings Logging Interviews

Obijective Data

The field rater was supervising the sidewalk from an unobtrusive location behind
the shop window. Videos were recorded from four camera angles, including top-
down views onto the sidewalk and views towards the approaching trajectories.
The four video streams were synchronized to a single video using Noldus Media
Recorder. In order to analyse the stopping positions in front of the long display,
we drew unsuspicious chalk annotations looking like children’s drawings onto
the sidewalk. Also, Kinect data was logged to obtain precise user position data.
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Subjective Data

20 retrospective interviews were conducted, but only with passers-by who had
already been attracted by the visual feedback and engaged with it. Again the
interviewer initially had to remain concealed in order to not be an attractor herself
and to ensure that the attention of approaching passers-by is only attracted by
the visual feedback, and this was a particular challenge in this sidewalk situation.

@EX:) Video Analysis: Attentional Reactions

Coding Scheme: Defining Attentional Reactions

Of the video material from the 6 weeks of the field study, a sample of 26 hours
was analyzed using Noldus Observer. In the developed coding scheme, subjects
were defined as singles, pairs and groups analogous to Chapter 8.4.4. To assess
the different performance of the visual feedback conditions in regard to attracting
attention and conveying interactivity, for each passer-by first the initial attentional
reactions were scored with the states reacting or ignoring, and then specified in
greater detail using modifiers describing the reaction type (such as orientation
reaction, glancing continuously or surprise reaction) or the identified reason for
ignoring the screen (such as looking across the street or being engaged in a
conversation). If attentive passers-by further showed a strong bodily response or
activity, the states stopping or explicit interaction were scored. For all those
events also the time that had passed since they had entered the sensor space
was kept. Finally, the reaction and stopping positions in front of the long display
were scored. For the statistical analysis we grouped the numerous conditions to
compare content differing in only the independent variable of current interest.

|dentifying Attention along the Banner Display

While most attentional reactions could be quickly identified when reviewing the
multi-perspective video recordings, there were some ambiguous cases which
required a more detailed analysis. For example, in a few situations passers-by
suddenly glanced towards the building facade before they entered the sensor
space, and we found out that this reaction was related to a competing stimulus.
Difficult to resolve were also some situations with pairs in conversation, where we
had to conclude if attentional reactions or gestures were related to the partner or
the display, and also such where passers-by reacted while being occupied with
another task such as phoning. The analysis process can be simplified as follows:
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Attentional Reaction

Reacting:type Ignoring:reason

Bodily Response or Activity

‘e

Stopping Reaction Explicit Interaction

Position

1st screen 2nd screen 3nd screen 4th screen
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9.3 Findings

The study showed that
visual feedback in the periphery attracts more
attention than non-interactive visuals, but that
different interactive stimuli were nearly equally
effective Iin this situation.

@EEXD General Observations

Counted Passers-by

During the six weeks of the field study several thousand passers-by walked by
the long banner display and reacted to the visual feedback. Within our sample of
26 hours of analyzed video material 1866 encounters passed the display,
including 1469 single persons, 343 pairs and 54 groups. At least one person
reacted to the interactive feedback shown on the display in 52% of the groups,
35% of the pairs and 27% of the single persons [Beyer 2014, P.4].

Passer-by Viewing Behaviors

Passers-by showed the following general viewing behaviors when walking along
the street sidewalk: most performed natural scanning movements across the
environment, whereby their glances alternated between fixation points on the left
and on the right side of the street (O Chapter 3.1). Situationally, they often looked
towards the other side of the street at exactly the same spots, which indicates
that salient stimuli exist within the street that competed with the display. Their
viewing directions also correlated with their distance towards the building facade:
people either walked in the middle of the sidewalk or close to the wall, and the
latter were more likely to look towards the other side of the street than the
centrally walking ones. The viewing behavior further depended on the individual
activities such as conversations or smartphone use. Along with the challenging
deployment of the display at the very side, the chance for passers-by to notice it
strongly depended on the viewing direction at the very moment when passing by.
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@ Passer-by Reactions

Attentional Reactions

Unlike in the study with the advertising column (O Chapter 7.3.2) passers-by
showed no sudden direction changes while walking by the long interactive
display, as they were all equally approaching it sideways on the same sidewalk.
Of those who became aware of its interactivity, 54% who had scanned the street
environment for arbitrary stimuli now began to continuously glance at the screen
while walking alongside it, while 24% only punctually fixated the screen and 22%
performed sudden orientation reactions towards the display. 6% of them showed
surprise reactions indicated by suddenly slowing down or stopping in front of the
display. 6,4% interacted explicitly with the visual feedback, showing actions such
as walking back and forth or making gestures with their hands (see Figure 9.5).

Visual Attention Bodily Reactions
%

54% 24% 22% 6% 6,4%

Continuous Punctual Orientation Surprise or Explicit
Glancing Fixations Reactions Stopping Interaction

Figure 9.5: Observed attentional reactions of people passing by the banner display sideways.

Reactions of Pairs and Groups

Pairs and groups noticed the visual feedback significantly more often than single
passers-by (x(2) = 23.514, p < 0.00001), and their higher attention rates of 35%
and 52% had other reasons than a higher probability: In case of pairs the outer
partner on the sidewalk often noticed the feedback first due to his or her inbound
head orientation within the conversational arrangement, and then looked behind
the partner’'s back to scan the screen. If pairs stopped, they often showed pair-
specific interactions such as taking a photo of the mirror images. Groups were
even more attentive as they were not as often in conversation as pairs. Within
arriving groups, the visual feedback was noticed equally often by foregoing
members, outer going ones and members going behind, but less often by
people in the middle that were close to the screen. The other group members
subsequently became aware of it by the first person’s reaction or hint at it.
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Reasons for Ignoring the Display

In 73% of cases where the display was ignored, reasons for the inattentiveness
could be identified. 19% did not pay attention because they turned their gaze,
often at the same position, towards competing attractors on the other side of the
street, 6% were looking into the distance, 19% passing the display too close, 15%
were looking down at the ground and 8% down at a smartphone screen, 7%
were making a phone call, 4% pulling trolleys or carrying heavy things, 13% were
occupied with other activities such as searching their pockets, eating or drinking
or lighting a cigarette while walking by. Situative influences such as bad weather
also made people hurry or take protective pose, thus leading to limited attention.
The most frequent reason were yet conversations between partners, indicated by
speech or gesticulation between two people, accounting for 20% of all inattentive
passers-by and even 78% of the inattentiveness of all pairs (see Figure 9.6).

indivicuals

19% 15% 19% 13% 20%

Looking across § Smartphone & Close to the Other Activities Conversations
the street Phone Calls Display

Figure 9.6: Observable reasons for people ignoring the banner display when passing by.

Orientation Reactions and Stopping Positions

Sudden orientation reactions of passers-by towards the display mostly occurred
in front of the displays 1 to 3 (37%, 30% and 28%) of the four seamless display
modules the Interactive Banner Display was consisting of, but only seldomly at
the last screen (5%). In contrast, the stopping reactions increased steadily with
the covered display length, from 10% stopping in front of the first, 25% and 30%
at the two middle and 35% at the last screen. Almost no one missed the display.
This proves that the 3.75 meter long display was long enough to fulfill its planned
purpose: to sufficiently resolve the problem observed by [Michelis 2009, P.161] that
with single narrow displays passers-by often miss the opportunity to stop in time
in front of the screen when they are passing by sideways (O Chapter 3.3.7 and 5.4.1).
Consequently passers-by also did not have to walk back from their stopping
positions towards the screen as described by [Miller 2012, P.71].
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Figure 9.7: Passers-by showing different attentional reactions towards the interactive display.

@EEXK) Attraction Performance: Interactivity vs. Baseline

Correlation of Interactivity and Attention

Comparing all interactive conditions with the non-interactive baseline revealed
that interactivity respectively reactivity of the display through the visual feedback
was correlated with attention to the display [Beyer 2014, P.5]: On average 30% of
passers-by reacted to the interactive conditions by looking at them, while only
about 12% turned their heads towards the baseline content (see Figure 9.8). This
difference in attraction efficiency is highly significant (x*(1) = 10.482, p < 0.005).
In contrast, interrelating the interactive conditions individually revealed only slight
differences between the single visual feedback solutions. Qualitatively, in case of
the merely dynamic basline content which just showed the animated fish, those
who became attentive were often glancing continously at the visual content while
passing by, but neither showing any surprise or stopping reaction nor any further
interest in the underwater world. Also, not a single passer-by wrongly assumed
interactivity when the baseline was displayed. Instead, the entire spectrum of
attentional reactions and any form of engagement with the screen only emerged
when displaying the interactive conditions. Yet, also with the interactive
conditions we discovered some demographic differences: while the younger
population stopped disproportionally often to actively engage with the interactive
contents (see Figure 9.7), elderly people who had stopped when noticing the visual
feedback usually prefered to only passively watch the screen for a while.
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@EEXD Performance of the Single Feedback Conditions

Performance of Different Stimulus Positions

Comparing the single interactive conditions in detail, all visual feedbacks that
varied in the horizontal position (O Chapter 9.2.3) revealed slight but no statistically
significant differences. The running-ahead stimulus (AS), which shiftet the visual
feedback towards viewers’ mid-peripheral field, with 31.3% reactions was almost
equally effective to the parallel stimulus (PS) with 28.7%. The same was true for
the looming stimuli, where the stimulus that appeared at a forward position (AL)
with 27.7% was only slightly better than the stimulus that appeared alongside
passers-by (PL) with 23.7%. The best results were obtained with the fullscreen
stimulus (FS) which attracted the attention of 34.2% of passers-by (see Figure 9.8).

Performance of Different Stimulus Directions

Statistical analysis also revealed moderate but again no statistically significant
differences in the effectiveness between different movement strategies for the
visual feedbacks (0 Chapter 9.2.2). When comparing the direction of movement
between the aligned fullscreen stimulus FS and its reversed counterpart RS, the
school of fish was slightly more effective when moving along with the user than
when moving in reversed direction (34.2% to 29.7%). Stimuli continuously
moving along with the passer-by (PS and AS combined) with 30% were likewise
only slightly more effective than the looming stimuli uncontinuously approaching
from the side (PL and AL combined) with 25.7%, which is yet interesting as the
animated looming stimuli were visually more salient (see Figure 9.8).

Single Feedback Conditions

12% 30% 29% 31% 34% 30% 24% 28% 30% 30% 29% 33%

Figure 9.8: Attraction efficiency of the different visual feedbacks when passing by sideways.
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Performance of Different Visual Representations

In our situation with the long sidewalk display where all feedback stimuli are
often only noticed in the periphery, the numbers also revealed no significant
disparity between the different visual representations used (O Chapter 9.2.3): The
illustrated fish, representing foreign beings that were used to realize different
positions and directions of visual feedback, with around 30% reactions were not
attracting substantially less attention than the mirror representations. Comparing
the parallel fish stimulus (PS) with 28.7% reactions with the greenscreen stimuli
(GS) with 30% and the slightly more effective silhouette (SI) with 33% revealed no
significant difference in attraction efficiency. Also the rotated stimulus (RS) with
30% and the mirror images which were augmented with additional virtual effects
(GA) with 29% provided no exceptional outlier (see again Figure 9.8).

Explicit Interaction with the Interactive Stimuli

About 7.5% of the people who noticed and looked at the display stopped and
engaged with it, and 6.4% interacted with the feedback by walking back and
forth, using their hands or taking photos. The plain and augmented greenscreen
images (GS and GA) with 14% and 11.6% and the running-ahead stimulus (AS)
with 8.6% generated a high ratio of interactions, yet not the looming stimuli
positioned ahead (AL). Far more people interacted with the fullscreen feedback if
it moved in reverse direction (7.5%) than along with the user (1.8%, see Figure 9.9).
Further, different passer-by constellations showed a varying willingness to start
interaction: with 32.1% significantly more attentive groups interacted than pairs
(11.3%) and singles (3.1%, x2(2) = 42.6778, p < 5.403e-10) [J4ger 2013, P.65f].

Self-Recognition lllustrated Stimuli

14% 11.6% 6.8% 5.5% 8.6% 1.8% 7.5% 4.2% 3.7% 2.3%

el ]m e ]m ]

Figure 9.9: Share of passers-by who interacted explicitly with the visual feedbacks.
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@EEXD Subjective Data: Noticing Interactivity

Moment of Noticing the Display

Out of the 20 interviewed passers-by who had previously been attracted by the
visual feedback and had engaged with the display, most stated to have noticed
it immediately, only four mentioned a slight delay. 80% of them had not noticed
the display before. When asked about the assumed purpose of the display, 30%
believed that it was a student’s project, 25% advertising, each 15% that it was
decoration or relaxation and 10% entertainment of passers-by [Jadger 2013, P.691].

Moment of and Reasons for Noticing Interactivity

All 20 interviewees stated that they had discovered the interactivity of the display
at the moment when they were passing by, and that they had become aware of
the fact that the display reacted to them by the visual element moving along with
them. Yet most of them also stated that the first thing which they had noticed
was the underwater scenario as a whole, and in fact they were able to precisely
reproduce the different animated characters on the screen. Only two passers-by
had discovered the Kinect sensor and were familiar with it [Jager 2013, P.72].

Self-reported Interactions

People could remember well how they engaged with the visual feedback. Of the
20 interviewees, 18 stated that right after they had noticed interactivity they tried
to control the interactive contents [Jiger 2013, P.72]: in the case of the illustrated,
direction-related visual feedbacks by walking back and forth (64%) or also by
stopping (36%), and in the case of the mirror feedbacks by waving hands (33%),
other subtle body movements (50%) and facial expressions (17%, see Figure 9.10).

Walking Subtle Body Movements

9-1 5 1-1 2 3

Walking Back Stopping Facial Waving Moving Arms
and Forth Expressions Hands or Head

Figure 9.10: Self-reported interactions with the illustrated (yellow) and mirror feedbacks (blue).
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9.4 Interpretation

Interactivity increases our attention
towards the periphery

If we notice an eye-catching and unexpected
local movement and conceive that it clearly
correlates with our own movement.

@EXXD Performance of the Feedback Strategies

Passer-by Visual Attention on Street Sidewalks

In this study we wanted to investigate how the attention of passers-by can be
attracted and interactivity be conveyed at sidewalk trajectories where the display
appears in the periphery at an angle of 90° from the walking direction, and at first
it is important to understand the typical viewing behaviors in this situation. In the
video analysis we observed characteristic and challenging behavioral patterns
when passers-by approach on a sidewalk that add to the already difficult visibility
of laterally-oriented displays (O Chapter 9.3.1): First, many passers-by perform a
constant visual scanning of the environment whereby their glances alternate
periodically between one side of the street and the other, and thus the chance to
notice the sidewalk display depends on the random viewing direction when they
are arriving. Whether people look in walking direction or towards the other side of
the street also depends on their either centered or near-wall trajectory on the
sidewalk. Further, visual attention in streets is situation-dependent and people
often look towards a competing stimulus such as a neon sign on the other side
of the street at exactly the same position. Finally, the viewing behavior and
attention of passers-by strongly depends on their current activity and many
ignore the display as they are using smartphones or are in conversation.

When walking along sidewalks, passers-by show viewing behaviors

which strongly affect the chance to notice a display in the periphery.
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Better Performance of Interactive Stimuli

To handle the difficult conditions around sidewalk displays such as limited
visibility and low visual attention, we used a very long display and compared the
attraction efficiency of interactive feedback to that of non-interactive visual
stimuli. The results showed that the interactive feedback achieved that roughly
one third of all passers-by showed an attentional reaction and glanced at them,
and thus was significantly more effective than the just animated visuals which
were only noticed by 12%. Also, 7.5% stopped and 6.4% interacted explicitly with
the visual feedback conditions, while nobody showed a distinct bodily reaction to
the baseline. In other words, when passing-by sideways, interactive feedback
attracts attention better to the screen as it is a more unexpected, surprising
stimulus than the just animated stimuli (O Chapter 3.3.2). As all feedbacks were
connected to the user speed the surprise may result from becoming aware of the
correlation to the own movement and the involved causality (O Chapter 3.3.5).

} Also when passing by a long display sideways, interactive feedback

surprises and attracts people more than classical attraction cues.

Similar Performance of different Stimulus Positions

To our surprise, moving the visual feedback to a position ahead of passers-by in
order to shift it closer to their line of sight brought no essential advantage for
attracting attention. Both the continuously displayed feedback stimuli and the
looming stimuli each performed only about 10-15% better when they were shiftet
towards viewers’ assumed mid-peripheral field. One reason for this may be that,
while in the periphery the perception of details and color falls of (& Chapter 3.1.1),
peripheral vision is yet good at detecting motion due to the rod cells [Bartram 2002]
such that passers-by who are looking towards the walking direction still become
aware of a local anomaly in the corner of their eye, i.e. in the far peripheral field.
Further, as many people perform a visual scanning of the environment and move
their head towards both sides, the stimulus position within the visual field is not
static anyway. Only the fullscreen feedback was more effective because it used
the whole screen and thus the chances to notice it were correspondingly higher.

} Moving visual feedback is still noticed well in the far peripheral field,

as peripheral vision is good at detecting motion due to the rod cells.
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Better Performance of Stimuli in the Same Direction

The study revealed that visual feedback is more effective when moving in the
same direction as the passer-by. The reason for this may be that stimuli moving
in the same direction can be correlated easier with one’s own movement. When
walking along sidewalks, we sense motion also by visual kinesthesia [Gibson 1985],
and any moving stimulus in the field of view regardless of its direction of motion
represents a salient local movement relative to the perceived global optical flow
[Goldstein 2015, P.180]. Based on our familarity with the sensory overload in urban
settings we usually ignore most stimuli in the corner of our eye — unless they are
moving with us at our own speed, which is a rather unexpected, surprising event.
This is an example for humans strong sense for causality and attentiveness to
events in the environment that correlate with the own behavior (& Chapter 3.3.5).
After all, if we unwittingly have an effect on any object within our environment, for
example get stuck and drag something along, this can pose a risk to us.

} Visual feedback moving in the same direction is easier to correlate

with one’s own movement and is also the more unexpected event.

Lower Performance of the Looming Stimuli

The looming stimuli used in this study were slightly less effective than the visual
feedbacks moving along with passers-by continuously. This further supports the
assumption that the realization of the correlation between the feedback and
one’s own movement (the process of becoming aware of interactivity or unaware
intial interaction) is a much more effective mechanism for attracting attention
than the visual salience of stimuli. Looming stimuli capture more attention than
other dynamic events [Franconeri 2003], as humans interprete a rapid expansion of
a visual object in the periphery as an approaching threat and react with a
defensive or startle reaction to prevent an impending collision (O Chapter 3.2.2). Still
with the threefold repeated visual impulse of our looming content the continuous
horizontal movement required to understand the correlation with the own motion
gets lost [Jager 2013, P.74], and thus the more unexpected and surprising effect of
discovering the fact of one’s own causality, of having an effect on the screen.

} Looming stimuli lack a continuous horizontal movement and thus are

harder to correlate with one’s own motion when passing by sideways.
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Similar Performance of Mirror, Silhouette and lllustrated Representations

The study revealed no significant disparity in the attraction efficiency between the
visual feedbacks when passing by sideways: mirror images, silhouettes and
illustrations of foreign beings were about equally effective. The reason may be
that when we perceive mirror feedback in the shadowy, low-acuity periphery or
from a slanted angle, the mechanism of self-recognition (O Chapter 3.3.2) can yet
not be effective in this initial phase of visual attention. Instead, as peripheral
vision is highly sensitive to motion, the correlation with the own movement may
be the first thing people are becoming aware of. In psychological terms, visual
appearance matching may be less effective than kinesthetic-visual matching in
the sideways situation. Just the red silhouette was slightly more effective than the
other stimuli, possibly due to its physical intensity (O Chapter 3.2.2). While
peripheral vision is color blind [Ware 2013 P.175], its salient color may have been
noticed when the head was turned during the observed scanning movements.

When passing a display sideways and perceiving it in the periphery,

kinesthetic matching is more relevant than appearance matching.

Overproportional Attention and Engagement of Pairs and Groups

We observed that pairs and groups noticed interactivity significantly more often
than singles. Beyond the higher probability by the larger number of individuals,
one reason was the conversational arrangement of pairs where the outer partner
often noticed the feedback first. Within groups foregoing members, outer ones
and those ones lagging behind noticed the feedback equally often, but more
often as members in the center of the group who where more likely to be in a
deep conversation. In other words, individuals in the peripheral positions within
the group were often more attentive or sometimes had a better view onto the
screen. The first attentive members often attracted the attention of the rest of the
group to the screen by their reaction or hint to the feedback. Pairs showed more
engagement due to pair-specific motivations such as taking a souvenir photo of
the mirror images. In contrast, single passers-by often moved along after they
had quickly explored the easily understood interactive effects by a few glances.

} Pairs and groups are more attentive and active due to single attentive

members, group constellations, and specific motivations to interact.
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@) Open Issues

Summarizing the findings of this field study with the Interactive Banner Display,
the following issues are left open at this point of research:

Other Installation Sites
How can long displays attract attention and convey interactivity at other
sites such as curved streets, pedestrian subways or town squares?

Peripheral Attraction Cues
Which other peripheral stimuli constitute effective visual feedback to
convey interactivity when passing displays sideways?

Movement-Controlled Feedback
Which other animations of visual feedback triggered by the passing-by
movement are recognizable and effective?

Customized Feedback
Can feedback be more effective that is customized to different passer-by
constellations, numbers and types such as singles, pairs, groups or kids?

Mass Interaction
How can visual feedbacks on wide displays effectively convey interactivity
in busy situations, when large numbers of people are passing by?
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9.5 Takeaways

Interactive Banner Displays

are deployed in challenging situations, and to
attract passer-by attention to the periphery by
interactive feedback the full screen and all
visual means should be used.

@EEXD Recommendations for Sidewalk Displays

Display Format along Sidewalk Trajectories

For this study we designed a 3.5 meters long Interactive Banner Display in order
to overcome the problem that passers-by do not stop in time in front of narrow
displays or single units of display rows when they approach from the side on city
sidewalks and pass them sideways. As most people stopped in front of the third
or fourth quarter of the banner screen, it fulfilled its planned purpose. Generally,
in each individual case the walking speed, situational factors and architectural
preconditions have to be considered when determining the exact display length.

R 9.1 Use Long Banner Displays as they are able to
attract Passers-by before they have passed the Display

Passers-by often stopped in front of the third or fourth quarter of the banner
such that they did not have to walk back once they conceived interactivity.

Interaction Space and Initial Interaction

When a display is approached from the side, passers-by often cannot see it until
they are passing by sideways right in in front of it. In other words, the interaction
space in front of sidewalk displays is limited by the display width. We observed
that the viewing directions of passer-by on sidewalks are hard to predict. In order
to increase the attraction efficiency, sidewalk displays thus should provide visual
feedback for the initial interaction evenly across the full extents of the display.
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R 9.2 Consider the Limited Interaction Space and the
Challenging Viewing Behaviors on Sidewalks

As passers-by notice lateral displays late and their viewing directions are
hard to predict, use the full extents of the display to provide visual feedback.

@) Designing Initial Feedback when Passing By Sideways

Attraction Cues for the Periphery

In this study we found out that also in the situation where people are passing by
sideways, visual feedback attracts significantly more attention than classical,
non-interactive visual attraction cues, even if they are perceived in the shadowy
periphery when walking along the sidewalk. Best suited are interactive feedbacks
which convey that they clearly correlate with the passer-by movement, while
different feedback stimuli and positions are nearly equally effective.

R 9.3 Use Interactive Feedback also when Passers-by
are passing by Sideways

Interactive visual feedback attracts significantly more passer-by attention
also in the difficult situation when the display appears in the periphery.

Movement Direction of Feedback

The study revealed that visual feedback moving in the same direction as the
passer-by and at their speed is more effective in conveying interactivity and
attracting attention than if moving in reversed direction, as it can be correlated
easier with one’s own movement. For the same reason, visual feedback moving
along with passers-by continuously without interruption is more effective than
visual feedback which is presented uncontinously such as the looming stimuli.

R 9.4 Use Feedback that aligns with the Passer-by
Movement Direction instead of Reversed Feedback

The correlation of aligned visual feedback with one’s own movement is
much easier to understand for passers-by.
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Feedback Position

On urban sidewalks passers-by show challenging viewing behaviors such as the
constant visual scanning of the environment, or they are distracted by competing
stimuli in the street or activities such as smart-phone use or conversations. While
putting the visual stimulus to a forward position brought only few improvements
compared to the parallel stimulus, the fullscreen feedback was significantly more
effective as it maximized the chance for passers-by to notice the visual feedback.

R 9.5 Use Fullscreen Feedback on a Long Display

On sidewalks the current viewing direction of passers-by is hard to predict,
and fullscreen feedback maximizes the chance that they will notice it.

Feedback Representations

In this situation where a display is passed by sideways, we found out that mirror
images of passers-by and graphical illustrations of foreign beings were about
equally effective in attracting attention, as the peripheral detection of motion and
kinesthetic-visual matching are the primary mechanisms for becoming aware of
the visual feedback here. But salient stimuli such as the red silhouette were more
effective than the others, as people are also turning their head when passing by.

R 9.6 Use Salient Feedback

When passing by sideways feedback is mainly noticed due to its motion,

but salient feedback even better as people are also turning their head.

Strengths and Weaknesses of Interactive Feedbacks

This study proved that interactive feedbacks can have individual strong and
weak points beyond their effectiveness in attracting passers-by. We observed
that feedbacks which convey interactivity effectively may not necessarily perform
well in motivating users to interact explicitly, and vice versa. The interactivity of
the fullscreen feedback that moved in the same direction as passers-by was
easier to notice than that of the reversed feedback, but much more passers-by
interacted with the obviously more playful latter one once they had unterstood it.
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R 9.7 Consider that Interactive Feedbacks may not be
equally effective in Attracting and Motivating Users

Visual feedbacks which attract attention and convey interactivity effectively
might still not achieve to motivate users to interact explicitly, and vice versa.

@EXKED Measuring Behavior

Camera Setup

In this scenario where users are passing by sideways, four camera perspectives
were required: two cameras were directed towards the two main approaching
trajectories of passers-by on the sidewalk to the left and to the right of the
display site, and two further overlapping camera perspectives recorded the long
banner display and the whole sidewalk in front of it from above.

R 9.8 Use Suited Camera Perspectives

In the sidewalk situation, it needs two camera angles for the approaching
trajectories plus as many needed to cover the whole interaction space.

Visual Annotations

In this study where passers-by walked along straight ahead on the sidewalk
trajectory from one side of the banner display to another, we drew unsuspicious
chalk annotations disguised as children’s drawings onto the sidewalk in order to
facilitate the scoring of passer-by positions in the case of any reaction to the
feedback in the video coding. In this situation these annotations proved to be a
similarly effective tool as the virtual grid masks described in Chapter 6 and Chapter 7.

R 9.9 Use Visual Annotations to facilitate the Scoring of
Passer-by Positions in front of Outdoor Displays

In the case of the sidewalk scenario these annotations proved to be useful
enough in order to score passer-by positions in the video coding.
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CHAPTER 10

SUBTLY
DIRECTING USERS

Actively Influencing User
Positions and Shaping

Audience Constellations
In front of Wide Displays



10.1 Background

If passers-by can be subtly directed

to arbitrary positions by dynamic and interactive
visual cues on the screen, this can be used to
distribute users and to dissolve crowds in front
of wide displays.

€I:X KD Subtly Directing Users in front of Wide Displays

Wide out-of-home displays principally allow multiple users to interact in parallel,
but the optimal conditions for convenient simultaneous interaction often do not
emerge spontaneously. Instead of distributing themselves along the screen such
that each user has sufficient space to interact, members of arriving groups may
crowd together in front of one region of the display. Certain contents such as
interactive games may also require specific user positions unknown to arbitrary
passers-by. To resolve such problems we proposed to actively and subtly direct
users in front of wide displays by dynamic and interactive visual cues on the
screen, and to guide them to empty spots or preferable positions (O Chapter 3.4).

m Dissolving Crowds in front of the Banner Display

In front of the wide Interactive Banner Display we indeed observed that members
of arriving pairs and groups, after turning towards the display, crowded together
instead of using the available free space. This usually could be attributed to
group affiliation and passive bystanders watching an initial user from close
positions behind or next to him or her. But bystanders often did not even detach
from the crowd if they joined the interaction, which led to active group members
impeding each other. Possibly the crowded space also prevented many passive
members from taking an active part. This situation in front of the banner display
provided an ideal case study to explore if one can actively direct users by visual
cues and dissolve such crowds and by-standing behaviors (see Figure 10.1).
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A

Figure 10.1: If users crowd together they could be actively guided to empty spots by visual cues.

€&I:X¥) Questions and Issues

In order to establish preferable conditions in front of public displays by actively
directing users, first of all it has to be found out if visual stimuli or positioning
cues on the screen can be used to subtly manipulate user positions at all. We
called the idea of actively influencing user positions and regulating audience
constellations in front of public displays by visual stimuli and dynamic strategies
for displaying them visual audience moderation (O Chapter 3.4.3). As stated this
process of active behavior management poses the basic problems of user
positioning, user repositioning and distribution of the audience. According to this
concept we wanted to find out for different visual cues if they can be effectively
used to draw arriving users to arbitrary positions in front of wide displays, to
reposition users who are already interacting with the display in order to free
space for new arrivers, and to guide multiple users to empty spots and distribute
them more equally. To achieve these goals we also had to explore which visual
representations are effective positioning cues that can attract users, as well as
which strategies to dynamically position, move or display them interactively are
effective in influencing user positions. Finally, we also had to better understand
the actual social constellations of passers-by in front of our wide display and the
observed unfavorable situations such as crowding and bystanding effects. The
main issues related to this research can be summarized as follows:
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Q 10.1 Actively Influencing User Positions
Can the positions of users in front of a display be subtly manipulated and
users be actively directed by visual positioning cues at all?

Q 10.2 User Positioning
Can visual cues on the screen be used to effectively draw arriving users
to arbitrary positions in front of wide displays?

Q 10.3 User Repositioning
Can visual cues on the screen be used to reposition users who are
already interacting in order to free space for new arrivers?

Q 10.4 Distribution of Multiple Users
Can visual cues on the screen be used to distribute multiple users and
dissolve crowds by actively guiding single users to empty spots?

Q 10.5 Effective Positioning Stimuli
Which dynamically positioned, moving and interactive visual stimuli are
effective to attract and subtly direct users in front of displays?

Q 10.6 Crowding and Bystanding Effects
Which social constellations and unfavorable situations such as crowding
and close bystanding can be observed in front of wide displays?
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10.2 Field Study

We conducted another field study with the
Interactive Banner Display

to explore if passers-by can be subtly directed
and distributed by visual cues such as
Interactive frames and ellipses.

€I ¥X) Study Context

To explore if users in front of wide out-of-home displays can be subtly directed
and distributed by dynamic and interactive visual cues on the screen, a field
study was conducted. Vincent Binder carried out this research as part of his
bachelor’s thesis [Binder 2013]. He conducted an outdoor field study of five weeks
length in summer 2013 with the Interactive Banner Display presented in Chapter 5.
Partial results of the study have been published at the DIS 2014 conference under
the title The Puppeteer Display: Attracting and Actively Shaping the Audience with
an Interactive Public Banner Display [Beyer 2014] and at a conjunct workshop
under the title Visual Audience Moderation: Actively Shaping User Constellations
to Improve Touchless Interaction with Public Displays [Beyer 2014B].

FACTS Idea

Type
Directing
Advising
Software
Date
Location
Prototype

Publications

Actively Directing Users in Front of Displays by Interactive Visual Cues
Observational Field Study

Vincent Binder

Gilbert Beyer

Interactive Frames [Binder 2013]

10 June-28 July 2013

Street Window, Amalienstr. 17, University of Munich

Interactive Banner Display

Bachelor’s Thesis Vincent Binder [Binder 2013],

DIS 2014 Conference [Beyer 2014], DIS 2014 Workshop [Beyer 2014B]
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€&I:¥¥) Hypotheses and Assumptions

Subtly Directing Users

The main hypothesis of this research was that passers-by can be subtly directed
by visual cues along wide public displays at all. Further we assumed that
according to the presented concept of visual audience moderation it would be
possible to draw users to arbitrary positions by visual cues (user positioning), to
make active users step aside to free space for others (user repositioning), and to
effectively dissolve crowds and distribute multiple users (audience distribution):

Visual Audience Moderation

User Positioning User Repositioning Audience Distribution

Variables: Movement, Interactivity and Representation

For actively directing users and distributing them along the display we identified
three variables for displaying visual positioning cues [Beyer 2014, P.5]: movement,
interactivity and representation. First, such visual cues can be displayed
dynamically at various static positions, or move continuously along the screen.
They may either be non-interactive, react to the current user position, or be really
interactive and act in relation to previous states and user constellations. Finally,
the used visual representations have to be an effective positioning stimulus that
is wittingly or unwittingly understood and immediately accepted by users:

Movement

Static Moving

Interactivity

Non-interactive Interactive

Representation

Any behavior-effective Stimulus
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Studies with Long and Wide Displays

In regard to wide interactive public displays, [Peltonen 2008] studied the social
behavior of passers-by, [Schmidt 2013] how they perform in reading text when
walking by, and [Grace 2013] how an information display and [Beyer 2014] how a
long sidewalk display can convey its interactivity by visual feedback to the
movements of people who are passing by sideways. In contrast, in this
study we used a wide public display to influence user positions in front of it.

Adaptive Displays and Proxemics

Related to our work are adaptive displays which adjust content in regard to
implicit and explicit user behaviors, positions or orientations [Vogel 2004],
mediate between proxemic needs of multiple users [Ballendat 2010], or visually
assign adaptive personal territories to them [Klinkhammer 2010]. In this study we
wanted to explore if the classic notion of displays adapting the content to
users can also be reversed by displays which in the opposite way adapt
and actively shape the audience which is interacting in front of them.

Effective Positioning Stimuli

In view of behavior-effective positioning stimuli, we could build upon our
study with the column [Beyer 2013] where we found that large visual frames
simulating display bezels influenced user positions (O Chapter 7). In contrast
we now wanted to test if visual frames could also be employed dynamically
to direct users. In regard to systems that actively guide users in front of
displays by visual cues on the screen, follow-up research to our Puppeteer
Display presented here [Beyer 2014], the GravitySpot [Alt 2015], applies effects
such as brightness, pixelation or jitter to the whole screen in order to inform
a single user about the remaining distance to a defined position.

Problematic Social Constellations

Similar to our observations of crowding and bystanding effects in front of
the wide banner display, when using narrow displays [Michelis 2007] found that
people initially stand by the first user and [Miller 2012] that users often start
interacting right behind existing groups, this way blocking the way of other
passers-by. [Peltonen 2008] also reported crowds and even conflicts between
close users in front of another wide display. This confirms that such
problems can even occur if enough space for many users is available.
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Figure 10.2: After being attracted, users need to be optimally distributed along the display.

€&I:¥X¥) Study Design: Ensuring Unbiased Positions

Using again the Interactive Banner Display which was installed behind a shop
window at a street sidewalk (O Chapter 5), public interaction with this long screen
occurred in two stages: First, arbitrary passers-by initially had to be attracted by
an unaware initial interaction when they were approaching and passing the
display sideways (see Figure 10.2, top). To achieve this we used visual feedback
techniques similar to those described in Chapter 9. Second, after attention had
been caught and users were turning towards the display, we wanted to subtly
direct and distribute them along the screen by visual cues (see Figure 10.2, bottom).
To avoid that user positions were influenced by other external factors, beyond
using a long seamless display we also had to ensure a continuous interaction
space without any disruptions in front of the display, as well as a seamless and
unbiased content just as in the study with the interactive column (O Chapter 7.2.3).
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€I XX Interactive Content

Baseline Content

Vincent Binder designed five different strategies to position, reposition and
distribute users by dynamic and interactive visual cues on the screen. They all
involved a ball game as background content similar to the one of Chapter 7.2.4, in
which users can bounce balls falling from above with a visual representation of
their tracked skeleton (see Figure 10.2). To ensure unbiased user positions, this
simple game was continuous along the whole screen and did not prefer any
special position or body orientation in front of the display. For initially attracting
users sideways and communicate display interactivity to users, eye-catching
particles were displayed as running-ahead visual feedback (0 Chapter 9).

Designing Behavior-effective Stimuli

The positioning stimuli were now displayed on top of this background content.
To integrate these visual cues with the content, they ideally should be designed
content-related, but even more important is that graphical representations are
used which are effective positioning stimuli that are wittingly or unwittingly
understood and immediately accepted by users (O Chapter 3.4.4). Similar to the
visual frames used in Chapter 7 they have to subtly draw users to their position, but
this time also when displayed dynamically on the screen. For this study two
basic visual representations were designed: frames and ellipses. We chose
frames as we had already found unwitting positioning effects in front of the large
visual frames which were simulating display bezels around the Interactive
Advertising Column, and ellipses as an alternative to investigate if any further
visual cues inducing such positioning effects would exist at all.

Refining the Positioning Cues

The color, size and aspect ratio of the frames and ellipses were partially
predetermined by the other content and the screen dimensions. For example,
the frames had to provide enough space for the visual user representations, but
still fit on the physical screen. The exact size, aspect ratio and bezel thickness
were determined in iterative pretests. In these tests we found out that a suitable
shape of the visual cues was crucial, as frames too small or too large could be
misunderstood or disregarded. As the frames, the ellipses were white and also
provided sufficient space for one user representation. The ellipses appeared in
the lower part of the screen to convey the impression of spotlights on a floor or
platforms where users could place their screen representation (see Figure 10.3).
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Figure 10.3: Ellipses were one of the cues which we used as positioning stimuli.

Movement Strategies for the Visual Cues

On the basis of these designed frame and ellipse cues, different strategies to
position, reposition and distribute users were designed (see Figure 10.4). The first
three strategies tested the movement and representation variables. In the most
basic concept Static Frames (SF) two seemingly static visual frames were
displayed in addition to the game. This condition was designed to find out
whether users would position themselves in front of frame stimuli which are
displayed dynamically at several positions on the screen. The wide distance
between the frames was chosen to distribute users and thus reduce any mutual
interference between active players. In fact, the static frames were not
completely static but imperceptibly moving such that they crossed the whole
screen in 7 minutes. The idea behind this slow movement was to randomize the
frame positions in order to minimize the influence of any external variables on
user positioning, such as the perceived relation of one’s current position to the
shop window bezels or the display. The second condition Static Ellipses (SE)
tested if the same concept of two visual cues displayed wide apart would also
work with the ellipse representation and if it would induce similar positioning
effects as observed with the frames. Just like the static frames, the ellipses
moved only at the same low speed to randomize positions. In contrast to these
invisibly moving stimuli, in the Moving Frames (MF) condition a single frame was
moved in horizontal direction along the screen surface at a perceptible speed.
Moving at 0.15 km/h, it took the frame 90 seconds to traverse the complete
screen once. At this speed users could easily adapt their position to the frame by
occasionally stepping aside. This condition was designed to check whether
users would be willing to follow the frame and adapt their position repeatedly.
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Static Frames (SF) Static Ellipses (SE) Moving Frames (MF)
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Dynamic Frames (DF) Mu/t/'p/e Dynamic Frames (MDF)
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Figure 10.4: The single strategies for dynamic and interactive visual cues on the screen.

Interactive Strategies for the Visual Cues

In contrast to the previous concepts, Dynamic Frames (DF) were only created
upon user interaction and reacted to the user’s position: When a user started to
interact with the screen, he received an individual frame, which after half a
second moved sideways by one frame width. This combines the positioning
stimuli of the static and moving frames: It was designed to test if users would
recognize a frame that was individually created for them when they had
approached, and consequently perform a side step towards the displaced
frame. Finally, the Multiple Dynamic Frames (MDF) were an extension of the
dynamic frames concept, in which frames for up to three simultaneous users
were coordinated with each other. The first approaching passer-by received a
frame where he or she stopped. If a second user approached and stopped near
the first user, the frame split into two frames moving apart until their positions
provided enough space for both to comfortably interact in parallel. Hence the
first user received a stimulus to reposition himself and make room for the second
user, which might not have happened automatically. At the same time the
second user received a stimulus to move to the resulting free space and occupy
it. If a third person approached, a third frame appeared in a distant space. This
condition was used to verify, if dynamic frames can be used to direct multiple
users simultaneously and optimally distribute them across the screen surface.
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€&I:¥-X) situation and Procedure

We used again the Interactive Banner Display (O Chapter 5), so that this field study
involved a city environment with arbitrary passers-by approaching sideways, and
the same hardware configuration with two Kinect sensors installed below the
plasma displays. In regard to user positions in front of the screen, the street
sidewalk potentially allowed users to move left and right and freely disperse
along the display without any restrictions. Only the vertical distance towards the
display was limited by the sidewalk width, respectively by the traffic lane on the
back. The field study was conducted over a period of five weeks and similar to
the study in Chapter 9 only in the afternoon and evening hours to provide optimal
lighting conditions for tracking users by the Kinect sensors, and the single
conditions were also switched all 45 minutes such that data would grow evenly.

m Data Collection

In this field study behavioral data was again obtained by field observation, video
recordings, sensor logging and semi-structured interviews [Beyer 2014, P.4]:

Data Collection

Field Video Sensor Semi-Structured
Observation Recordings Logging Interviews

Similar to the study presented in Chapter 9, the field rater was supervising the
display unobtrusively from within the building. Videos of all passer-by behavior in
front of the wide banner were recorded from five different camera perspectives,
including one camera directed from the street towards the display in order to be
able to correlate user positions with the positions of the visual cues on the
screen during the video analysis. The log data was primarily used to locate user
events and for occasional verification of user positions. For obtaining subjective
data 20 semi-structured interviews were conducted, and on the sidewalk it again
posed a challenge that the interviewer initially had to remain concealed in order
to not influence user positions and behaviors. The passers-by were contacted by
the interviewer once they had finished interaction in front of the visual cues.

291



€I:¥-%) Video Analysis: Positioning Behavior

Coding Scheme: Defining the Positioning Behavior

Of the video material from the five weeks of the field study, a sample of 28 hours
was analyzed using Noldus Observer. In the developed coding scheme, each
single stopping passer-by was recorded as a numbered subject, and according
to the three identified basic tasks of visual audience moderation (O Chapter 3.4.3)
then was further described by his or her positioning and repositioning behavior,
the currently performed user activity, and in case of multiple users by their
distribution in front of the wide display (compare [Beyer 2014, P.7]):

Scored Behaviors

Positioning Repositioning Distribution Activity

When scoring the positioning behavior for each active or passive user, the state
framed was set if he or she positioned fully within the boundaries of a visual
stimulus such as a frame or ellipse, boundary if he or she was not fully within but
still tangent to it, and off frame if he or she stood apart from any visual cue or
was in range of one by pure chance. As users can position themselves multiple
times in front of a visual stimulus, for example when they leave its position to
temporarily observe another player before returning to resume interaction in front
it, the repositioning behavior which was scored as modifier along with each
framed state kept count of how many times a user repositioned himself in front of
the same visual cue. In the case of multiple users in front of the display, the
distribution behavior was scored to quantify crowding effects and their resolution.
Thereby the state crowded was set if pairs or groups crowded together and
interfered with each other, and otherwise dispersed was set if all users owned at
least one arm’s length personal distance to the neighbor.

Coding Scheme: Correlating Activities and Positions

For each user also his or her user activities such as interacting or observing were
scored to correlate active or passive engagement of users with their positioning
behavior, and to reveal social constellations, i.e. the combined behaviors of two
or more persons in front of the display describing for example the positioning of
a group if all members are interacting or if only one member is performing and
the rest is watching passively. The analysis process can be simplified as follows:
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Activity

Any Interacting Watching

J y y

Position relative to the Frame

In Frame Off Frame Boundary

Repositioning

‘e

1st time 2nd time 3rd time 4th time 5th time

‘e

Group Distribution

Crowded Dispersed
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10.3 Findings

The study showed that

static, dynamic and interactive frames and
ellipses can subtly direct and distribute users
along the display, but static or slow moving ones
are more effective than fast ones.

m General Observations

Counted Passers-by

During the five weeks of the field study hundreds of passers-by, arriving either as
singles, pairs or in groups, interacted with the ball game displayed on the wide
banner display. Within our sample of 28 hours of analyzed video material the
behavior of 304 passers-by who stopped and engaged with the display was
scored. Of these, 267 interacted with the screen, while 37 were mere observers
only watching the other active players (compare [Beyer 2014, P.71]).

Unaware Intitial Interaction

The initial visual feedback to the movements of passers-by walking by the screen
sideways worked effectively. Once people noticed the particle cloud moving
along with them in the periphery, they stopped and turned towards the display,
then recognized the skeleton representation and started to interact soon, many
moving their skeleton towards one of the visual positioning cues quickly.

User Positioning

Most active users seemed to instinctively accept the prescribed stimuli and
positioned themselves in front of the positioning cues instead of chosing a
position themselves. Childs and young adults positioned themselves more
frequently in front of one of the frames or ellipses, while the willingness to
position oneself and to interact in general decreased with increasing age.
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Figure 10.5: Bystanding and crowding behaviors in front of the wide interactive banner display.

€&I: XX Behavior in Front of the Baseline

Crowding and Bystanding Behaviors

The video analysis confirmed our early observations that groups and pairs often
crowded together when interacting with the wide banner display, even though
there was enough free space available in front of it. This crowding usually could
be attributed to group affiliation and passive bystanders watching an initial user
from close positions behind or next to him or her, partly in orthogonal orientation
to the display (see Figure 10.5). This way the partners were forming L-shaped or
side-by-side formations in front of the display, in a few cases were also standing
behind others. If a passive member later joined the interaction, then often without
detaching from the crowd or partner and ignoring the other users, which resulted
in users interfering with and occluding each other. Such initial close by-standing
turning into interaction without adapting one’s own position was more often the
reason for close distances than collaborative interaction between users.

Distribution and Repositioning

Overall 61 passers-by engaged with the baseline of which all were interacting
except one person who was only watching others. In 54% of the cases in which
multiple users interacted in front of the wide display, they crowded together
instead of using the available free space. To quantitatively compare the baseline
with the other conditions beyond this mere distribution value, we had to find
further suitable measures. As user positions relative to visual cues on the screen
such as framed, off-frame or boundary cannot be determined for the baseline
which does not contain such positioning cues, we correlated the baseline to the
other conditions also in regard to the count of repositionings of single users,
which can indicate that users try to obtain more space [Binder 2013, P.24]. Only one
third of the active users (20 out of 60) repositioned themselves, for example to
gain more space while interacting, while the rest remained quite static.
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Figure 10.6: Users being subtly directed along the display by imperceptlbly moving visual cues.

€I X¥X¥) Positioning Effects

General Observations: The Puppeteer Display

When displaying the conditions with the dynamic or interactive visual positioning
cues, in all cases we observed strong positioning effects in front of the cues.
Passers-by immediately and willingly aligned themselves to the center of the
frames and ellipses just in the moment when they were starting to interact. Also,
users did not only align themselves only once, but actually became attached to
the visual cues that were slowly moving across the screen (see Figure 10.6). As the
wide banner display directing its users from one side to another and back, or
guiding passive users to empty spots in front of the display, from the other side
of the street looked like a puppeteer to us who manipulates the positions of
puppets by strings, we named this work The Puppeteer Display in [Beyer 2014].

Positioning in front of the Visual Positioning Cues

Of the entire audience, 243 passers-by engaged with the visual strategies, out of
which 207 interacted and 36 only observed others. Of those who interacted,
about 70% at least once deliberately moved to and aligned themselves to the
center of the offered positioning cues (see Figure 10.7 for each strategy).

Positioning in Front of the Cues

79% 88% 67% 66% 57%

Figure 10.7: Share of active users who aligned to each of the five visual positioning strategies.
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Need for Side-to-Side Movement

Qualitatively, users showed no signs of consciously paying attention to the visual
cues in the front of which they were positioning themselves or trying to integrate
them to their play. Yet users often showed a side-to-side movement when
interacting in front of the frames and ellipses. Many obviously moved their upper
body or made small steps to the sides to reach for balls, returning to the center
of the positioning cues immediately afterwards. But we also observed that some
users showed a steady side-to-side movement in front of the ellipses, which
seemed to have no specific goal except for satisfying a need of moving the
visual skeleton on the screen from one edge of the platform to the other.

Correlation with Activities

When correlating user positions and activities the numbers revealed that the
strongest position stimulus during interaction is generated by the imperceptly
moving Static Ellipses. Users spent 83% of their interaction time in front of them,
such that they are significantly more effective than the second best Static Frames
with 58% of time spent in the central position (see Figure 10.8 left). Yet, the time
users spent in front of the cues also reveals a varying effectiveness of the
strategies to hold users, as in contrast to the slowly moving cues most of the
interaction time was spent off-frame for the Moving Frames and Dynamic Frames.
Active users also aligned to the Multiple Dynamic Frames for about half of the
time, a good result considering that the visual cues make up only for a small
fraction of the screen real estate. In all cases passive observers usually preferred
off-frame positions, and the boundary position was only passed shortly.

17%

ﬂﬂ

Figure 10.8: Positioning time and count when interacting with (P: passively observing) visual cues.

297



Figure 10.9: The ellipses were an even more effective visual positioning cue than the frames.

Repositioning in front of the Visual Cues

In contrast to the marginal dynamic in front of the baseline (O Chapter 10.3.2)
passers-by were rarely static in their behavior while interacting with the visual
positioning cues. Often they repositioned themselves more than once within the
same continuous interaction, after they had temporarily left their position to either
observe another player or pass balls to or cooperate otherwise with a partner
before being attracted back to the cue. Here, too, the Static Ellipses generated
the most repositioning, with 36 out of 41 interacting users or 88% repositioning at
least once and 13 or 32% repositioning a second time. One person was even
coming back a fifth time to the ellipse cue (see Figure 10.10). Chi-squared tests
showed that with all visual strategies significantly more users repositioned a first
time than with the baseline (all p<0.005, MDF: p<0.05). Interestingly, when
looking at the mean durations after the first and second repositioning, interaction
times decreased for the Static Frames and Static Ellipses, but increased for the
Moving Frames and Dynamic Frames (see Figure 10.10 right). It seems that once
users finally accepted the lower performing moving stimuli as reference for their
positioning, they stayed longer in front of these cues the second time.

Repositioning Court
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SF 265
9 MDF ES;
sr B2 ve @ MD 10% 17s
)

Figure 10.10: Repositioning count of interacting users and mean interaction durations (right).
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Figure 10.11: An arriving group distributing themselves in front of the multiple dynamic frames.

Distribution in front of the Visual Cues

For all conditions that included visual cues, a distribution of interacting pairs and
groups across the display was observed more often than crowding situations.
While group members often also showed an initial bystanding behavior, they
soon moved to the still free visual positioning cues after having watched the first
active member interacting in front of such a cue for a while. Once a second user
had left the crowd towards a free visual cue to also become active, further
members were likely to follow regardless of whether cues were still available.
This worked quite effectively as pairs and small groups of up to four people were
the most frequent group constellation on the city sidewalk. Yet often passers-by
were also following the cues and spreading across the wide screen immediately.
Chi-squared tests showed that the distribution of passers-by was significantly
higher for all visual strategies when compared to the baseline, except for the
Dynamic Frames (all p<0.005, DF: p>0.05). The best results were achieved with
the strongly dynamic Multiple Dynamic Frames with a distribution in 96% of
cases. Also the steadily moving Moving Frames and the effective Static Ellipses
performed well with 88% and 86% of passers-by distributed (see Figure 10.12).

69% 86% 88% 63% 96% 46% 31% 14% 12% 37% 4%  54%

s o fvr Jor fuorf o ] e o Jor fuorf o

Figure 10.12: Distribution of two or more users for all visual strategies and the baseline (grey).
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Social Interaction: Performing in front of the Cues

In contrast to the baseline where active users initially being watched by their
partners and group members sometimes followed by close users interfering with
each other was the most frequent behavior (O Chapter 10.3.2), such situations were
much rare when users were interacting with the dynamically and interactively
displayed visual cues. While close bystanders could also be observed in front of
the visual cues, active users were detaching from the initial actor to position
themselves in front of the frames and ellipses. They were only leaving their
position and temporarily coming back to observe the partner if he or she had to
show something, or sometimes if they wanted to cooperate. Initial or temporary
bystanding behaviors could still be observed in situations with large numbers of
people in front of the display when not enough visual cues were available. When
interacting persons were observed by others, they tended to position themselves
even more eagerly in front of the visual cues, as if they would want to
demonstrate to the bystanders how to position accordingly (see Figure 10.14).

Social Constellations

When we analyzed the concurrent behavior of multiple users in front of the
display for each visual strategy and correlated the activities and positions of
each single user, we found that in the majority of social constellations at least
one or two members were interacting in front of the visual cues at the same time.
Figure 10.13 exemplarily illustrates the activites and positions just of pairs across all
visual strategies, where in 122 of 184 or 66% of the observed user constellations
one or both of the two partners are interacting in front of a visual cue.

P1 interacts off-frame P2 watches 01:22 00:12
interacts boundary watches 7 02:03 00:18
interacts framed watches
interacts off-frame interacts off-frame 47 20:25 00:26
interacts boundary interacts boundary 1 00:15 00:15

interacts framed interacts framed 00:20

11:51
interacts framed interacts off-frame 14:39

10.13: Concurrent activities and positions (blue: framed) of two partners in front of the display.

00:18
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Figure 10.14: Active users being observed by others while performing in front of the visual cues.

€I XX Subjective Data: Awareness of the Visual Cues

Recall of the Visual Stimuli

Out of 20 passers-by that were interviewed after they had interacted with the
sidewalk display, 15 were students, 5 in employment, 14 men and 6 women.
Their age ranged from 22 years to 48 years and the average age was 25. When
asked about the anticipated purpose of the display, the most frequent answers
were entertainment, fun, attracting attention, and motivating passers-by to play.
10 of them had interacted with the Static Frames, 3 with the Static Ellipses and 7
with the Multiple Dynamic Frames. All could recall the basic elements displayed
on the screen such as the colored balls and the skeleton representation they had
controlled, and all but one could describe what one can do with the ball game.
Interestingly, all of them had recognized the frame or ellipse stimuli, and of the
16 who had positioned themselves in front of these visual cues 15 answered
they did so because of the cue. This differs from the results of the study with the
advertising column (O Chapter 7.3.10), where interviewees stated to not recall the
large static frames in front of which they had positioned themselves.
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10.4 Interpretation

Visual positioning cues on the screen

can be effective in directing users

If they are perceived as having functionality or if
they are key stimuli for instinctive behavior, but
users will only comply up to a certain treshold.

€I X'X) Performance of the Visual Strategies

Subtly Influencing User Positions by Visual Cues

In this study we wanted to subtly influence user positions by visual cues instead
of using explicit textual instructions, but when analyzing user behavior we had
again the problem that we cannot assess people’s subconscious (O Chapter 7.4).
In the video analysis we could observe that while passers-by quickly positioned
themselves in front of the frames and ellipses, they seemed to ignore them and
not integrate them to their play. On the other hand, participants of the interviews
could recall the visual cues and confirmed to have positioned themselves as a
consequence of them. The process of positioning thus may proceed as follows:
When users approach in the beginning, a perceptual grouping and segregation
of all visual elements on the screen takes place preattentively, but as no
threatening or strongly emotional stimuli are involved a direct motor response to
the positioning cues is unlikely in this early phase (O Chapter 3.4.4). Instead, users
interpret the visual cues according to their prior experience, and here the depth
of processing probably is the lower the more familiar the perceived schemes are.
In our case users quickly focused their selective attention on the ball game, but
also interacted at length in front of the visual cues and thus processed them at
least such intensively that they could recall them later from short-term memory.

} Users ignored the visual cues apart from positioning themselves in

front of them, but processed them enough to recall them later.
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Effect of the Visual Frames

The visual frames effectively influenced the positions of single and multiple users.
Similar to the large static frames around the column (O Chapter 7), passers-by
interpreted the virtual rectangles correctly as positioning cues and instinctively
accepted the prescribed stimuli instead of choosing the position themselves. Yet
this time the frames were even then effective when displayed dynamically and
interactively on the screen. In contrast to the column study, interviewees also
recalled to have positioned themselves in front of the frames. This may be
explained by the fact that the frames on the column were processed differently
as they simulated real physical display bezels which viewers knew from prior
experience. This scheme was already recognized preattentively and then only
processed low before it triggered a conditioned reaction. Instead, the dynamic
frames were smaller and did not coincide with the real frame, and thus had to be
interpreted first as a component of the virtual content having some functionality.

} The frames in this study were effective as they were interpreted as a

component of the virtual content having some functionality.

Effect of the Ellipses

The ellipses even outperformed the frames in influencing passer-by positions.
One explanation is that ellipses are also perceived as a functional element within
the screen content. Yet while ellipses may be associated with solid platforms of
computer games where a user representation can stand upon, they are not as
common as rectangular frames in contemporary digital content. Further our
understanding of spatial perspective may play a role. According to [Gibson 1966]
the most important plane of reference in 2D and 3D space is the ground plane
which has relevance for human orientation, and the instinctive need for standing
on a solid floor may have contributed to the preferred positioning of one’s screen
representation on a platform within virtual space. This perception of a solid floor
may also be related to the need for a left-right movement on top of the ellipses.
Finally, also individual content-related associations may have caused the
positioning, such as interpreting the ellipses as illuminated positions on a stage.

} The ellipses were interpreted as a functional element, or they even

are an instinctive stimulus based on the role of the floor for humans.
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Static vs. Moving Stimulus

With the Static Frames and Static Ellipses conditions, where the positioning cues
were moving slowly at an imperceptible speed, users interacted longer in front of
the positioning cues than apart from them. They did not only align themselves
once to these stimuli, but also became attached to them, which appeared to us
like puppets being attached to strings. This strong bonding to the cues could not
be observed for the Moving Frames and Dynamic Frames where the stimuli were
moving away quickly from the user. Yet there was no such significant difference
between static and moving concepts in regard to the number of first positionings
in front of the cues. This means that users generally did not position themselves
less often in front of the strongly moving cues, but they were simply not willing to
follow them and to reposition themselves repeatedly at this fast speed. When
such a fast moving stimulus pulled away, they also may have recognized that
interaction was also possible outside of it and that it had no actual functionality.

} Users positioned themselves in front of slowly and fast moving cues,

but refused to follow them if the speed exceeded a certain threshold.

Distribution of Passers-by

While in front of the baseline members of a pair or group were often standing
such close together that they did not have enough space to interact without
impeding each other, the investigated strategies for displaying positioning cues
can resolve such crowding effects: Except for the Dynamic Frames, which were
not very effective in distributing users as they were regionally limited, all visual
strategies generated a significantly better distribution of users during interaction
than the baseline, and also for all significantly increased repositioning numbers
were obtained. This means that visual positioning cues can not only be used to
control the positions of single users, but also to equalize and dissolve groups,
and consequently also to actively provide for more free space, dynamic and
interaction in front of the display. The Multiple Dynamic Frames performed best in
distributing users, possibly as they were strongly dynamic and by dispersing
multiple frames on the screen clearly communicated the desired purpose.

} Dynamic visual positioning cues can be effective to distribute users

if people attach to them or can decode the meaning behind them.
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Figure 10.15: The ellipses were the most effective and possibly instinctive positioning stimulus.

Social and Performative Interaction

The dynamically and interactively displayed visual positioning cues proved to be
effective to dissolve crowds and bystanding effects and to distribute users more
evenly along the display. Yet sometimes a play of forces between the influence
of the visual cues and social interaction between two or more users could be
observed, when members of pairs or groups repeatedly left the position right in
front of the cue in order to cooperate with or observe another player. Then or
when large numbers of people were in front of the display, close constellations
with passive observers watching active users could still occur. Yet after a short
timespan these observers returned to their own cue to resume interaction.
Interacting users who felt that they were observed by others tended to position
themselves even more eagerly in front of the cues, a behavior that can be
attributed to a so-called performative interaction [Dalsgaard 2008]. This means that
the interacting user takes a presenting role and thus underlies social pressure to
entertain the watching audience, but also to show that he or she understands
how to interact properly and controls the system in an exemplary manner.

} A play of forces between the cues and social interaction can occur,

but performative interaction often increases the positioning stimulus.
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m Limitations

Generalizability to other Display Shapes

The presented visual strategies for influencing user positions and directing users
have been designed for and tested with a wide, flat interactive banner display.
Other large display shapes such as interactive advertising columns also allow
that multiple users interact with them simultaneously, and we had found that
large visual frames can influence user positions around them (O Chapter 7). Yet,
the dynamic and interactive strategies for displaying visual cues investigated
here may not be equally effective around columns due to their curvature.

Generalizability to other Environments

The wide interactive banner display used in this study represents a solution for
common sidewalk situations in cities. Yet other large displays which provide
enough space for multiple users may underlie specific situative limitations. For
example, other than a sidewalk display they may be approached frontally, allow
for more user distance or provide less free space at the sides, factors which may
affect how users crowd together and how positioning cues have to be designed.

Role of the Interactive Content

In this field study we used a seamless display and an interactive ball game as
continuous background content which did not prefer any special position of the
players (O Chapter 10.2.4). This way we tried to avoid that other factors than the
visual positioning cues influence the user positions in front of the display. Yet in
practice many different interactive contents may be displayed on a long banner
display, and if these contents are not seamless it should be tested how they
interact with or possibly weaken the effect of the positioning cues.
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€&I:X"¥) Open Issues

Summarizing the findings and limitations of this study on subtly directing users,
the following issues are left open at this point of research:

Other Visual Cues
Which further visual cues do exist that are effective positioning stimuli with

which one can subtly direct users in front of displays?

Improving the Positioning Stimulus
How can positioning cues be made more effective such that users also
keep attached to them if they are moving fast along the screen?

User Constellations
Can such positioning cues be employed to create even more specific user

constellations, such as required starting positions of multiplayer games?

Display Shapes
How can the positions of multiple users be actively influenced in front of
other displays with large interaction spaces such as columns?

Awareness of the Cues
How can behavioral research find out more about how users perceive and

are aware of such visual cues by objective and subjective measures?
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10.5 Takeaways

Visual Audience Moderation

Is a strong tool to direct users and distribute

them along the display, yet visual cues have to
be tested for their effectiveness first and also
should not move too quickly.

€I XX Designing Interactive Positioning Cues

Behavior Effectiveness of Visual Positioning Cues

In our study the used frames and ellipses performed well as positioning stimuli.
With other applications designers may want to use other visual cues that are
designed content-related. For example, on a field of flowers, sunbeams may be
more meaningful in the context of the content than frames [Binder 2013, P.75]. But
designers should be aware that arbitrary visual cues are not necessarily effective
positioning stimuli. In our case the idea to test visual frames was inspired by our
prior observations of strong positioning effects in front of rectangular frames in
other studies, and also the effectiveness of the ellipses had to be proved first.

R 10.1 Ensure that Visual Cues are Behavior-effective

Do not only select visual cues according to their content-relatedness,
but also make sure to find behavior-effective positioning stimuli.

Pretesting the Effectiveness of Visual Stimuli

Further not all variations of a certain visual representation may be equally
effective. In our study we had to iteratively refine the visual frames and test
different sizes, aspect ratios and bezel thicknesses until we had found a design
which seemed to constitute a strong positioning stimulus. Such determinants
can be te evaluated in pretests in advance to the real deployment.
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R 10.2 Iteratively Refine the Visual Cues in Pretests

Not all variations of a cue are equally effective, such that its effectiveness
as positioning stimulus should be refined iteratively before use.

Movement Strategies for Visual Positioning Cues

Our study with the frames and ellipses showed that static positions and slow
movement of visual positioning cues should be preferred to fast moving ones.
We found that strong motion significantly reduces the willingness of users to stay
in front of the visual cues as they have to reposition themselves quickly and as
they notice that the cues have no real functionality once they leave the position in
front of them. Static positions means in this regard that motionless visual cues
are displayed dynamically at different static positions, or that they slowly move at
imperceptible speed, but they should not move too quickly along the screen.

R 10.3 Visual Cues Should not Move Too Quickly

Passers-by position themselves in front of dynamically positioned or slowly

moving cues, but they are not willing to follow constant quick movement.

Interactive Strategies for Visual Positioning Cues

The interactive strategies for visual positioning cues used in this study showed
that a strong dynamic can be useful in some ways or not. In the case of the
Dynamic Frames where the visual cue pulled away from the user position, people
showed reluctance to reposition themselves repeatedly. In contrast, the meaning
of the dispersing and strongly dynamic Multiple Dynamic Frames was clearly
understood by users as an invitation to distribute themselves along the display.

R 10.4 Interactive Positioning Cues Can be Strongly
Dynamic, if this Conveys a Certain Meaning to Users

If users decode the meaning, they will even follow strongly moving cues.
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€&I:X¥) Measuring Behavior

Correlation of Visual Cues and User Positions

Similar to Chapter 7, in this field study we wanted to observe how user positions
correlate with the dynamically displayed visual positioning cues on the screen.
For this we had to install a camera that could record the sidewalk display and
user behavior at the same time. Thus the camera was directed towards the
display from a slightly angular position from the street. Other cameras that
recorded the whole sidewalk in front of the long banner display from above were
instead helpful to analyze the distribution of multiple users in front of the display.
As in prior studies, this shows that for each analyzed behavior a specific camera
perspective can be required and should be carefully planned before the study.

R 10.5 Use Suited Camera Perspectives

For correlating user positions and visual cues on the screen the camera
can be directed from the street, and for user distribution from above.

Comparing the Baseline

The baseline was compared with the other conditions in regard to the distribution
of users, but not in regard to positions of single users as it did not display any
positioning cues. To further quantify and compare the behavior in front of the
baseline the repositioning behavior was used, which also described the level of
attachment of users to the visual positioning cues. To compare the baseline with
study conditions, the introduction of such auxiliary behaviors can be very helpful.

R 10.6 Introduce Auxiliary Behaviors if Needed

The repositioning behavior did not only describe the performance of the

visual cues, but also helped to quantify and compare the baseline.
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Figure 10.16: Improving the positioning stimulus by additional functionality: a game counter.

E&I:X3) Outlook: Enhancing Visual Positioning Cues

Adding Additional Functionality

To improve the performance of the less effective visual cues such as the quickly
moving frames and encourage users to follow them constantly, they could be
augmented by additional functionality such as a game counter. We conducted
first field tests with game counters integrated to the top left corner of the visual
frames which keep count of how many balls a user hit (see Figure 10.16). The idea
is that if users perceive such an obvious advantage of standing in front of the
visual cue, this may increase the positioning stimulus and lead to them
accepting more control over their positions and movement [Binder 2013, P.71].

Spotlight Cueing

The effectiveness of the tested positioning stimuli could also be improved by
additional visual cues such as the exogenous and endogenous cues for shifting
the attention of users to spatial spotlights such as proposed by [Posner 1980].
Comparably, if current users in front of the screen have to be repositioned,
instead of moving the frames quickly and risk that users do not follow them,
these positioning cues could be instantly displayed at their target position, and
to first direct the attention to them arrows pointing to the frames (exogenous cue)
or flashing frames (endogenous cue) could be used (see Figure 10.17).
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Figure 10.17: Arrows pointing to the visual cues or flashing can first direct the attention to them.

Future Applications and Uses

Future research could further investigate if actively created public audience
constellations can trigger engagement and improve the performance of more
complex collaborative applications such as interactive multiplayer games. For
example, incidentally arriving passers-by first could be actively and subtly guided
by the display to the starting positions of a game, and then it could be observed
if, without contacting them in any way or giving them any further information, they
recognize the interaction possibilities by themselves and start the game.
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CHAPTER 11

CONCLUSION

Progress Made,
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11 Conclusion

This work made progress towards

novel interactive advertising displays,
contributed theories, content solutions and
display designs, and proved the future potential
of these displays.

@EED Progress towards Interactive Advertising Displays

Potential of the Novel Display Shapes

This work presented novel interactive advertising displays such as an interactive
advertising column, large interactive life-size screens and a long interactive
banner display, which are based on historical display shapes of the out-of-home
domain, but are equipped with digital screens and vision and depth sensors that
enable passers-by to naturally and touchlessly interact with them. It further
presented interactive content solutions with which these displays can convey
their interactivity to passers-by and thus better attract their attention, and others
with which they can subtly and actively guide users along the screen to better
distribute them and avoid close bystanding and crowding in front of the display.
While at the beginning we did not know if passers-by would accept, understand
and interact with these novel displays, the five field studies and the lab study
which we conducted proved that the proposed display designs and interactive
contents were very effective, by communicating their interactivity attracted more
attention than classical public displays and in the case of the column and the
banner encouraged dedicated multi-user interaction. Thus they have a high
potential for out-of-home advertising. We also observed that the thousands of
passers-by who engaged with the displays had a very playful experience and
often interacted for a long time, some even for hours. In the interviews people
also confirmed that they had fun playing with the displays and some even
expressed their wish that the displays should remain in place after the study.
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Conveying Interactivity

In this work we showed how public interactive advertising displays can convey
their interactivity by giving visual feedback to the initial movements of passers-by
when they are walking by, a mechanism which we call unaware initial interaction.
We did not only show this for one display, but for different common out-of-home
display shapes and considering the typical approaching trajectories and visual-
spatial conditions around them. While all investigated display types effectively
conveyed their interactivity and thus attracted more attention than when just
showing dynamic, non-interactive content, we found that each display has its
own requirements for effective visual feedback. The field study with the life-size
display described in Chapter 8 showed that mirror images and distance-controlled
visual feedbacks that rely on familiar mental models can be almost equally
effective in conveying interactivity when passers-by are approaching frontally.
The field study of Chapter 9 with the long banner display revealed that when people
are passing by sideways, different visual feedback stimuli and positions are
nearly equally effective if passer-by can clearly conceive that the local movement
on the screen correlates with their own movement. This study also proved that
the banner display is an effective alternative to display rows on city sidewalks.
The studies of Chapter 6 and Chapter 7 revealed that the advertising column, which
combines multiple frontal and tangential approaching trajectories, is very
effective in signaling interactivity due to its central location and high visibility.
Another finding is that visual feedbacks can perform differently well in attracting
attention and conveying interactivity. For example, the photo condition of Chapter 8
was less interactive than the similar mirror images, but attracted more attention.

Actively Shaping the Audience

We further showed that a wide public display can subtly and actively guide
single and multiple users in front of it by displaying dynamic and interactive
visual cues on the screen according to our vision that displays in public space
become more active themselves and shape their audience. At the beginning of
this work we had no clue that this would be possible at all. This mechanism
which we call visual audience moderation represents a solution to dissolve
crowds in front of the display and direct individual users to empty spaces or
interesting spots in front of it. The study presented in Chapter 10 revealed that
different visual positioning cues such as frames or ellipses and strategies for
displaying them are differently effective. We found out that the used stimuli have
to be behavior-effective and not move too fast in order to be accepted by users.
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The Influence of Display Qualities

Another main hypothesis of this research work was that different display qualities
such as the form factor, the framedness or the surface structure of a large public
display can influence passer-by, audience and user behavior in front of it. The
lab study described in Chapter 6 revealed that cylindrical, semi-framed advertising
columns can, with the help of suited interactive contents, stimulate users to
circulate around them while interacting and thus make them walk long distances.
In contrast, the frames of flat rectangular displays can influence the movement
and positioning of active users in such a way that they frequently position
themselves within a central, strip-like region in front of the display. The shape
and the framing of the displays also affected the body orientation of users when
interacting with the different displays, but not their viewing behavior which was
dominated by the displayed visual feedback. The field study of Chapter 7 revealed
that such positioning effects can also occur in front of single framed sub-units of
display configurations such as a polygonal column display, and thus what can
happen if multipe behavior-influencing display qualities interact with each other.
The frames around the polygonal column did not only stimulate single interacting
users to position themselves frontally and centrally, but also influence the
distance and cooperation between multiple interacting users. That in fact just
visual frames which were displayed on the seamless column caused this
behavior, shows that digital screens can simulate display qualities such as
framedness virtually, and this way adapt their behavioral effects situationally.

Details Matter

This example of the polygonal, framed column display, where the active users
positioned themselves centrally in front of the single frames instead of interacting
at arbitrary positions such as around the seamless column, demonstrates that
display qualities should never be considered in isolation, but in regard to their
possible interplay with each other. Seemingly small details of the design can
change completely how people behave around a display. Also the interactive
content can influence user and audience behavior. For example, the movement-
stimulating content of Chapter 6 made users move continuously around the
column, while with the graffiti content used in Chapter 7.3.11 people walked less
around it, and with the interactive ball game they usually did not circulate around
it at all when interacting. How small details can matter is also shown in Chapter 10
by the findings that visual positioning cues such as frames only then effectively
influence user positions if they have a specific design and do not move too fast.
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The Role of Passer-by Expectations

The principle of communicating interactivity to unsuspecting passers-by by an
unaware initial interaction is, as outlined in Chapter 3, another example of attracting
attention by a surprising stimulus. In all studies of this work we observed that
almost all passers-by did not expect interactivity of the displays when they were
approaching, which is why surprising them by visual feedback proved to be a
very effective mechanism once their gaze crossed the screen. The field studies
with the advertising column and the banner display described in Chapter 7 and
Chapter 9 revealed that the later passers-by noticed the feedback and the more
they were startled out of their thoughts or other activities they were occupied
with, the more they reacted with strong surprise. Passer-by expectations and
prior knowledge also played an important, but quite different role in the study of
Chapter 6, where one third of all participants remained completely immobile and
inactive within a central position in front of the flat rectangular display. Due to
their prior experiences these passive viewers associated the framed screen with
television viewing, and this way the framing even effectively prevented that they
ever noticed interactivity. Similarily, in the field study of Chapter 7 passers-by
associated the displayed virtual rectangles on the column with real display
frames and adapted their behavior accordingly. In the study on subtly directing
users in front of a wide display of Chapter 10 the familiar looking visual frames and
platform-like ellipses had a useful effect when interacting users immediately
interpreted them correctly as positioning cues. All these examples show how
important it is to consider and examine passer-by expectations and possible
associations when designing public displays and interactive contents for them.

Situational Factors

Another lesson learned from the field studies is that situational circumstances
often have a huge impact on the success or failure of the initial interaction. In all
studies passers-by were less likely to notice the interactivity of the displays if they
were in a hurry, distracted by smartphones or in deep conversations with a
partner. In Chapter 7 we were able to clearly classify passers-by into attentive ones
who noticed the column and its interactivity early, and others who were initially
inattentive and thus reacted with surprise only once they had arrived at the
screen. In the study of Chapter 9 with the banner the chance that passers-by who
approached on the sidewalk noticed the display often depended on the question
whether they were looking towards the building facade or towards a competing
stimulus on the other side of the street at this very moment when they arrived.
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@EFD Research Contributions

In summary, this work contributes to the field of interactive out-of-home displays
by presenting the following novel theoretical and practical solutions:

Interaction Concepts

Novel conceptions on how to interact with different public displays, such as
unaware initial interaction, a solution to convey display interactivity to passers-by
by visual feeback on the screen, and visual audience moderation, the idea to
actively and subtly direct users in front of the display by visual cues on the
screen. These conceptions can be further developed by follow-up research and
be practically implemented with public displays by out-of-home practitioners.

Interactive Display Designs

Concrete proposals for novel interactive counterparts of historical out-of-home
display shapes, such as interactive advertising columns, banner displays and
life-size displays, and the proof of their practical applicability and successful
operation in public space. The presented display designs can be further
developed and used in the field of interactive out-of-nome advertising.

Interactive Content Solutions

Concrete interactive visual contents, feedbacks and cues for the different display
shapes based on the developed concepts to attract users, convey interactivity or
actively guide and distribute users in front of the screen. These solutions can be
adapted by designers who create effective applications for public displays.

Empirical Findings

Qualitative and quantitative empirical findings from large amounts of behavioral
data around interactive public displays which have been gathered in long-term
field studies, and a set of interpretations for these findings, which contribute to a
better understanding of the interaction with novel display shapes, the behavioral
effects of different display qualities, and interactive public displays in general.

Evaluation Methods

Practical recommendations on how to conduct and evaluate field studies with
interactive displays in public space and analyze complex behavioral patterns of
multiple users around them. The presented set of methods can be of practical
use for further display-related research in comparably complex settings.
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@& KD Future Work

Further Display Shapes

One promising direction for future work is to investigate the distinct qualities and
possible behavioral effects of further popular display shapes of the out-of-home
domain as well as the typical passer-by, user- and audience behavior around
them. The results of the field studies presented in this work prove that the most
classical and prevalent advertising display formats such as round columns, flat
portrait-shaped displays and long banner displays are ideally suited for public
interaction with passers-by. As outlined in Chapter 2, one common advantage of
these ground-level displays is that they are deployed where people walk and
enable an unambiguous one-to-one interaction between display and user.
Further inspiring display shapes can be found in urban spaces worldwide, but a
good starting point are also the overviews on formats and standards provided by
the national outdoor advertising associations and by the [Technical Literature] which
lists the available out-of-home display formats on the market. For each novel
interactive display design the inherent display qualities have to be identified,
and analogous to our initial prototype design as described in Chapter 5 it should be
found out how these displays can provide seamless interaction around them.

Further Visual Feedbacks

Future work can extend the presented content solutions for initially conveying the
interactivity of the display. Further effective visualizations for visual feedback
other than the used mirror images and graphical illustrations can be examined
as well as further movement strategies for them. While our designed interactive
feedback solutions were optimized for the most common situations in which
passers-by approach out-of-home displays frontally, pass them sideways on the
sidewalk or encounter them at highly visible central locations such as with the
column, future work can investigate the possibilities and specific requirements of
further environments and situations and other display types and configurations
such as display rows for visual feedback. It would also be interesting to find out
how the effectivity of the tested visual feedbacks can be increased by combining
them with classical attraction cues and advertising techniques such as outlined
in Chapter 3.2, for example with principles of visual-textual rhetoric or the technique
of reframing. Finally, as these interactivity cues just represent an initial entry point
to the interaction with the display, it can be investigated how suitable transitions
to the subsequent, more in-depth interaction stages can look like.
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Further Contents that Actively Shape the Audience

In regard to the notion of public displays that actively influence the positions of
users and subtly direct them along the display, this work can be refined and
extended by investigating further visual positioning cues and finding out if they
can be made more effective, possibly trigger further user actions, and be used to
support more complex applications. As discussed in Chapter 10, such positioning
cues first of all have to be based on behavior-effective visual stimuli that succeed
in subtly influencing user positions in front of the display. While we used frames
and ellipses, further content-specific visuals may be found that integrate well with
other interactive background contents. As we tested the effectiveness of the
dynamic and interactive visual cues only in front a wide flat display, it could be
examined if the proposed interactive functionality is equally effective around
displays with a different curvature, such as with convexly curved columns where
users may loose sight of visual cues which disappear to the invisible sides of the
screen. The effectivity of the principle could also be tested in other common
environments than our narrow street sidewalk. It should also be investigated how
positioning cues can be made such effective that they accomplish that users
keep attached to them even when they are moving fast along the screen. First
tests that we conducted indicate that one promising strategy is to increase the
positioning stimulus by additional functionality to the visual frames and ellipses
such as a game counter. Further, it can be investigated if such positioning cues
can be employed to create even more specific user constellations. As discussed
in Chapter 4, the visual cues could subtly guide users to the initial starting positions
of multiplayer games, even such games that are unknown to them, or they could
assign different user roles to passers-by. Finally, as discussed in Chapter 10, it can
be explored if the positioning cues can be supported by further visual cues that
first shift the visual attention of users to them according to the concept of
spotlight cueing, and if the whole system can be made more effective this way.

Enhanced Evaluation Techniques

Our method to assess audience behavior around the interactive displays shapes
in public space, which relied on existing video coding software, multi-camera
observation systems and additional tools such as virtual grid masks or markers
for scoring passer-by positions and trajectories, proved to be effective, but often
required significant effort. Future sofware solutions for analyzing public audience
behavior should further facilitate and automatize the scoring of factors such as
the positions, body orientations, reactions or the viewing behavior of passers-by.
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m Final Remarks

We observed that the designed novel interactive display shapes, in combination
with our interactive content solutions, were very effective in attracting the
attention of passers-by, in conveying their interactivity to them and in actively
influencing user positions. The results from the field studies proved that our
vision of interactive public displays that become more active themselves in order
to increase the engagement of passers-by with them and improve the user
experience in front of the screen is viable and beneficial for display providers.
The different display shapes and playful contents were accepted very positively
by passers-by and effectively entertained them, and thus in our view have a high
potential for future interactive out-of-home advertising. We expect that the
proposed interactive display designs and applications will establish themselves
as soon as shaped displays are available at more affordable costs. They might
be further pushed forward once bendable and flexible digital screen materials
enter the market that can be attached to shaped displays just as easily as the
foil- and paper-based posters of classical out-of-hnome advertising as discussed
in Chapter 2. The developed interactive content solutions for round advertising
columns, long banner displays and flat rectangular displays could also be
advanced by combining them to an all-in-one framework that can be used
flexibly with various differently shaped displays or even larger networks of
advertsing displays, and that allows to exchange specific advertising contents or
brand visuals in an easy way. In the field of advertising research, it can further
investigate how such popular playful interactive public applications can also
increase the recall of and the positive attitude towards the displayed brands or
advertising messages. Finally, it would interesting to see if such techniques
where unaware passers-by are brought to perform specific actions by subtly
stimulating them can also be used in other fields of public applications.
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@Y ¥ Common Work

My contributions to pre-released research cited in this work were:

Chapter 6

This chapter includes results of the CHI 2011 conference paper Audience
Behavior around Large Interactive Cylindrical Screens [Beyer 2011] and contains
additional and previously unpublished research, data analysis and interpretation.
My contribution to that paper was: Core idea and concept, which is partly based
on my diploma thesis at UdK Berlin [Beyer 2008], what also applies to the
hardware (360° interaction sensor) and the software (computer vision and
interactive contents). Further co-designing, conducting and analyzing the lab
study and lead author. The cylindrical display (VROD or Digitale LitfaBsaule) has
been designed by Fraunhofer FIRST. The lab study from 3th-4th December 2009
has been conducted together with Florian Alt and Joérg Mduller and been
technically supported by Ivo Haulsen, Karsten Isakovich, Manuel Schiewe and
Stefan Klose at Fraunhofer FIRST in Berlin. My contribution to the research work
published as the CHI 2011 workshop paper On the Impact of Non-flat Screens
on the Interaction with Public Displays [Beyer 2011B] was: Core idea and
concept, lead author.

Chapter 7

This chapter includes results of the CHI 2013 conference paper Squaring the
Circle: How Framing Influences User Behavior around a Seamless Cylindrical
Display [Beyer 2013] and contains additional and previously unpublished
research, data analysis and interpretation. My contribution to that paper was:
Core idea and concept, hardware (integration of the Kinect sensors together with
Florian Kottner), designing, conducting and analyzing the field study, field
observation and lead author. The used Multi-Kinect software framework and the
interactive contents have been developed by Florian Kéttner [Kottner 2012]. The
digital column display (Digitale LitfaBsaule) as well as the software for the image
correction and blending (Player) has been provided by Fraunhofer FIRST. All
software and hardware work has been done in close cooperation with Ivo
Haulsen and Manuel Schiewe and the VISCOM team at Fraunhofer FIRST (since
2012 FOKUS). This paper received an Honorable Mention Award at CHI 2013.
My contribution to the research work published as the CHI 2013 workshop paper
Communicating the Interactivity of differently shaped Displays [Beyer 2013B] was:
Core idea and concept, lead author.
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Chapter 8

This chapter includes results of the work by Jens Fakesch on the Interactive
Door Display and the Life-size Display. He conceptualized and designed the
interactive contents, conducted the related field studies and the data analysis
and contributed to the presented theories and interpretations in the form of his
bachelor’s thesis [Fakesch 2013]. Chapter 8 contains additional and previously
unpublished research, data analysis and interpretation.

Chapter 9-10

This chapter includes results of the DIS 2014 conference paper The Puppeteer
Display: Attracting and Actively Shaping the Audience with an Interactive Public
Banner Display [Beyer 2014] and contains additional and previously unpublished
research, data analysis and interpretation. My contribution to that paper was:
Core idea and concept, hardware (design of the interactive banner display and
sensors), lead author. Nina Jager [JAger 2013] and Vincent Binder [Binder 2013]
conceptualized and designed the interactive contents, conducted the related
field studies and data analysis and contributed to the presented theories and
interpretations in the form of their bachelor's theses. My contribution to the
research work published as the DIS 2014 workshop paper Visual Audience
Moderation: Actively Shaping User Constellations to Improve Touchless Interaction
with Public Displays [Beyer 2014B] was: Core idea and concept, lead author.

Other Chapters

My contribution to the work published as the Pervasive 2010 workshop paper
Design Space for Large Cylindrical Screens [Beyer 2010] was: Core idea and
concept, lead author. This work is based on my diploma thesis at UdK Berlin
[Beyer 2008]. The works published as the Mensch & Computer 2009 workshop
paper Die Digitale LitfaBséule als interaktives Werbemedium [Beyer 2009B], the
Pervasive 2009 workshop paper Person Aware Advertising Displays: Emotional,
Cognitive, Physical Adaptation Capabilities for Contact Exploitation [Beyer 2009],
the ITS 2012 workshop paper Towards a Design Space for Non-Flat Interactive
Displays [Rumelin 2012] and the SASO 2008 workshop paper Simulating
Adaptive Control in Multimedia Applications [Serbedzija 2008] have been
developed in cooperation with the respective authors.
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