





switching to a first person view for the final close approach.
See Fig. 1 for examples of the first and third person views.

A. Subject Seated at a Table Scenario: Results and
Comparison of Live vs. Video Conditions.

This Trial scenario involved the robot approaching the
human subject who was seated at a table in the middle of the
room bringing a snack to the subject. The robot approached
the seated human from 5 different directions relative to the
subject: from the Front (F), Front-Left (FL), Front-Right
(FR), Rear-Left (RL) and Rear-Right (RR). The live trial
involved the subject actually sitting on a dining type chair in
the living room and asking the robot to approach (see Fig. 2),
while the video based trial was shown to the subject who was
sitting in front of the projection screen.

1) Results

Paired t-tests for matched samples were carried out to
determine whether there were any significant differences
between the subjects approach direction preferences for both
live and video based HRIs.

The first set of t-tests refer to the subjects’ ratings of the
comfort levels experienced for the live vs. video ‘seated at
the table’ scenario. No significant differences were revealed
for any of the approach directions (front left, front right,
frontal, rear left and rear right). This indicates that subject
comfort level ratings for the different approach directions
were relatively equivalent between the live and video HRI
set-up.
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Subject Seated at Table HRI Scenario. The robot approaches from
the front of the subject.

This is further substantiated by the significant Pearson
correlations found between the different approach directions
for the live and video scenarios (front direct: p = .004; front
right: p < .001; rear left: p < .001; rear right: p < .001), with
the exception of the rear right approach direction (p = .18).

A non-parametric Friedman analysis of variance by ranks
was carried out to determine whether there were significant
differences between subject comfort rating preferences for
the different approach directions. Significant differences were
found between the mean rankings for the live approach
directions (X* (4) = 26.05, p <.001), with subjects rating the
front left (x = 4.40) and front right (x = 4.35) approaches as
the most comfortable. Subjects found the rear approaches the
least comfortable. Significant differences were also found
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between the mean rankings of subject comfort levels for the
video approach directions (X* (4) = 41.14, p < .001).
Virtually the same pattern of findings was uncovered with the
front right (x = 4.33) and front left (x = 3.88) approach
directions rated as the most comfortable, and the rear
approaches were rated as the least comfortable.

Paired sample t-tests for subject responses about the
robot’s task efficiency for each of the approach directions
revealed only one significant difference between the live and
video interaction conditions. This was for the rear right
approach (t (20) = 2.35, p = .03), where subjects rated the
efficiency higher for the live condition compared to the video
condition. Other than this finding, the results were
comparable for the live vs. video conditions for all approach
directions. Significant correlations between the live and video
conditions were revealed between all approach directions
with the exception of the front left (p = .18) approach
direction (frontal approach p = .001; rear left < .001; front
right p = .032, rear right p = .001).

The Friedman analysis of variance test for subject ratings
of robot task efficiency for the live trial was non-significant
(X* (4) = 3.23, p = .520), indicating that subjects had no
preference for the level of task efficiency and the approach
direction used by the robot. However, significant differences
for robot task efficiency were revealed for the video
condition (X2 (4) = 16.06, p = .003), with all of the frontal
approaches being rated as more efficient compared to the
rear approaches.

2)  Summary of the Seated at Table Condition:

Comfort ratings of the different approach directions
were comparable across the live and video HRI trials.
The front left and front right approaches were rated as
the most comfortable by subjects, for both the live and
video HRI trials.

The rear approaches were rated as the least
comfortable by subjects for both the live and video
HRI trials.

Subject ratings of robot task efficiency were relatively
comparable for the live and video HRI trials, with the
exception of one approach direction (rear right).
Subjects did not express an approach direction
preference for robot task efficiency for the live trials,
but preferred all the frontal approach directions for
task efficiency for the video trials.

B. Subject Standing Against a Wall Scenario: Results and
Comparison of Live vs. Video Conditions.

This trial scenario involved the robot approaching the
human subject, who was standing with their back against a
wall of the room, bringing a snack to the subject. The robot
approached the standing human from 3 different directions
relative to the subject: from the Front (F), Front-Left (FL)
and Front-Right (FR).

The live trial involved the subject actually against the living
room wall and asking the robot to approach (see Fig. 3),



while the video based trial was shown to the subject who was
sitting in front of the projection screen.
1) Results

Paired samples t-tests were carried out to determine
whether there were any significant differences between
subject comfort ratings for the different approach directions
(front, front left, front right), for the standing against a wall
scenario, and the live versus video HRI interactions. No
significant differences emerged indicating that subject ratings
of comfort levels were equivalent across the live and video
scenario for the different approach directions.
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Subject Standing Against the Wall HRI Scenario. The robot in this
trial 1s approaching from the front right of the subject.

Significant correlations were found for each of the
approach directions and the live vs. video set-up, indicating
that subject responses were strongly related (left approach, p
= .006; front direct approach, p < .001; right approach, p <
.001).

A Friedman analysis of variance by ranks revealed
significant differences concerning subject comfort ratings for
the different approach directions in the live HRI situation (X
(2) =9.33, p = .009). Subjects rated the front direct approach
(x = 3.33) as less comfortable compared to the front left (x =
4.05) and front right (x = 4.19) approaches. This finding
was repeated for the video HRI scenario (X* (2) = 9.35, p <
.009) (front direct approach x = 3.62; front left x = 4.14;
front right x = 4.29).

Results of paired samples t-tests revealed no significant
differences for subject ratings of robot task efficiency for the
different approach directions, for the standing against the
wall scenario. This suggests that subjects viewed the video
and live interaction scenarios equivalently when it came to
rating robot task efficiency. Significant correlations were
revealed between the live and video set-ups for the left
approach direction (p .003) and the right approach
direction (p = .001). The correlation for the direct frontal
approach did not quite meet significance (p = .14).

No significant differences were revealed between subject
robot task efficiency ratings for the live robot approaches (X*
(2) = .689, p <.709) or the video robot approaches (X* (2) =
542, p < .763). This demonstrates that subjects did not
distinguish any overall preferences for a particular approach
direction for robot task efficiency, for both the live and video
scenarios. Task efficiency ratings ranged from 3.48 — 4.00
indicating moderate to high overall task efficiency.

Fig. 3.
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2) Summary of Subject Standing Against the Wall
Conditions:

e Subject comfort level ratings for the different
approach directions for the standing against the wall
condition were equivalent for the live and video set-
ups.

The front direct approach was rated by subjects as
being the least comfortable for both the video and live
conditions.

Subject ratings of robot task efficiency were
equivalent for both the live and video scenarios.
Subjects did not distinguish any overall preference for
the most efficient robot approach direction for both
the live and video conditions.

C. Subject Seated in Middle of Room (Without a Table)
Scenario: Results and Comparison of Live vs. Video
Conditions.

This Trial scenario involved the robot approaching the
human subject, who was seated in the middle of the room
without a table, bringing a snack to the subject. The robot
approached the seated human from 5 different directions
relative to the subject: from the Front (F), Front-Left (FL),
Front-Right (FR), Rear-Left (RL) and Rear-Right (RR). The
live trial involved the subject actually sitting on a dining type
chair in the living room and asking the robot to approach (see
Fig. 4), while the video based trial was shown to the subject
who was sitting in front of the projection screen.

Subject Seated in Middle of Room HRI Scenario. The robot in this
trial 1s approaching from the rear left of the subject.

1) Results

Paired samples t-tests revealed no significant differences
between subject comfort ratings for the different robot
approach directions for the ‘seated without a table’
condition. This demonstrates that subject responses were
relatively equivalent between the live and video scenario
regarding comfort ratings. Significant correlations were
uncovered between the live and video frontal direct approach
(p < .001), and the rear left approach direction (p = .005).
The remaining correlations did not quite reach statistical
significance (front left, p = .15; front right p = .10; rear right,
p=_.19).

Significant differences were revealed from the Friedman
test of variance by mean rankings concerning subject comfort
ratings for live approach directions, for the ‘seated without a

Fig. 4.









themselves to investigations of video trials. Further studies
need to investigate the range of non-interactive to interactive
human-robot encounters in more detail with respect to the
suitability of video trials.

This study has extended the findings obtained from the
single scenario studied in the pilot studies to four
fundamental HRI scenarios which may occur in a typical
robot serving or object fetching task scenario with standing
and seated humans. It has indicated some general social and
physical rules that should be incorporated into robot
approach behaviour when interacting with humans. Different
social approach rules apply depending whether the interacting
human is sitting, standing in the open or against a wall or
obstacle. The analyses has identified weaker social approach
rules giving behaviour which may be overridden in case of
physical task convenience and also some social approach
behaviour which should be strongly followed even at the
expense of physical task efficiency.

Much data obtained from this study awaits further analysis
and work will continue to gain further insights from the data
records. It would also be desirable to extend the range of
HRI scenarios studied in order to provide more generally
applicable social behaviour rules, devise more ‘primitive’
robot action components and the appropriate contexts where
the rules apply.
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