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Abstract— This paper reports the development of non-verbal
HRI (Human-Robot Interaction) behaviors on a robotic manipulator and evaluating the role of trust in collaborative
assembly tasks. Towards this end, we developed a set of nonverbal HRI behaviors on a UR5 robotic manipulator and
used them under different degrees of trust of the user to the
robot actions. Specifically, we used a certain ”head-on neck
posture” for the cobot using the last three links along with
the gripper. The gaze behavior directed the gripper towards
the desired point in space, alongside with the head shaking
behavior. In a simple collaborative scenario, the formation of
trust between the robot and the user was investigated in terms
of the relationship between the degree of trust in the robot and
task performance of the participants. We designed a remote
setup to experiment subjects interacting with the cobot remotely
via teleconferencing.

I. INTRODUCTION
The concept of trust has been studied in various domains
of human-robot interaction, including autonomous vehicles
and social robots for rehabilitation [1]. In social robotics,
establishing a trustworthy interaction has a significant role
in effective communication between a robot and its users.
At a broader level, trust is a cognitively complex concept
that is difficult to measure and implement. It is insufficient
to ask people where they place their trust [2]. For a systematic investigation of trust in human-robot interaction, we
need quantifiable measures of trust, such as the duration
of task completion or the accuracy of a task under various
experimental manipulation of trust conditions. The goal of
the present study is to study trust within the context of the
gestures produced by a collaborative robotic manipulator, as
measured in terms of task performance in a collaborative
task. Accordingly, we expect to find a measurable impact
of the degree of trustworthiness of the robot on human task
performance.
Collaborative robotic manipulators, a.k.a. cobots, are designed to carry out manipulation tasks directly interacting
with workers as their work-mates [3], [4]. This requires
cobots to establish and maintain short- and long-term interactions with their human co-workers through social cues.
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Cobot body and ”head-on-neck” design

nipulators equipped with safety features and do not provide
any explicit support for human-robot interactions (HRI).
In a previous work [5], we have studied how the HRI
quality between the human worker and a cobot (a UR5
(Universal Robots) 6-Dof robotic manipulator equipped with
a Robotiq jaw gripper) can be enhanced by applying some
of the animation principles of Disney [6], such as appeal,
secondary behavior and arc’ing. Towards increasing the
appeal of the cobot, we used a “head-on-neck posture” for
the cobot, affixed a sunglass on the gripper, and pointed it
towards the human or a common point in space to generate
a “gaze”, as shown in Figure 1.
We implemented a set of non-verbal behaviors on the
cobot platform; including gaze, head nod and head shake. We
then conducted an experiment to investigate the two gestures,
gaze and head shake influence the trust attribution in cobots.
The formation of trust has been an intense topic of research
in various disciplines, including social sciences and more
recently Artificial Intelligence under different connotations
of the concept. In the present study, we investigate the trust
concept in terms of the trustworthiness of the robot’s gazepointing actions.
II. HEAD GESTURES
We have implemented several non-verbal behaviors on the
cobot platform by splitting the manipulator into two groups:

the first three links forming the body and the remaining three
links forming the head, as shown in Figure 1. The body’s
posture is fixed as shown in the figure and the upper three
links are used to automatically generate the gaze behavior
and the head nodding and head shaking gestures.
A. Gaze
Eye gaze is the steady look at a certain point in space
and is often considered an indicator of attention. In humans,
gaze is regarded as an important cue in social interaction[7],
and special dedicated pathways exist in human brain for its
interpretation [8].
Our previous study[5] indicated that even pointing the
gripper of a cobot toward its user or toward an object can
be perceived as a gaze cue and facilitate social perceptions
and interaction. The glasses were shown to merely enhance
the gaze.
In order to gaze at a target point in 3D space, a gaze vector
is defined as:


Ptx − Pj6x
Vgaze = Pty − Pj6y 
(1)
Ptz − Pj6z
where Pj6x,y,z and Ptx,y,z denote the position of last joint
and the target point in space.
Two different rotation operation is needed to align the last
revolute joint’s z-axis with the gaze vector. One is on the
x-axis, and the other is on the y-axis. By rotating in x and
y-axis, the orientation of the z-axis is preserved. The rotation
matrix, Rgaze , depends on, θ1 , rotation in the x-axis and θ2 ,
rotation in the y-axis, which is defined in equation 2.
Rθ1 · Rθ2 = Rgaze
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III. STUDY DESIGN

(2)

B. Head Nod

A. Experimental Setting

Head nodding, the vertical motion of the head around the
gazing direction, is commonly used for conveying a positive
response. We have implemented the head-nodding gesture
by moving the gripper along the vertical axis using the data
recorded from head nodding in humans[9] and generated a
gesture with similar velocity profiles. The joint velocities for
the head joints of the cobot were computed using its inverse
kinematic model. Three different head states for head nod
behavior are illustrated in Figure 3.

Due to the COVID-19 pandemic, we designed an experimental setup to conduct HRI experiments with subjects
remotely. The setup consisted of the cobot platform placed
in front of a table, faced by a Microsoft Kinect camera
(used only as RGB camera) as shown in Figure 4. The
participant interacted with the cobot remotely via the Zoom
teleconferencing system.

C. Head Shake
Similar to head nod, head shake is also a major nonverbal
communication modality in daily interaction among humans.
The Head shaking, the horizontal motion of the head around
the gazing direction, usually conveys a negative response
to an action in most cultures, including Turkish culture.
In a similar vein, the joint velocities for the head joints
of the cobot were computed using its inverse kinematic
model. Three different head states for head shake behavior
are illustrated in Figure 3.
In the present study, we employed two of the three gestures
presented above, namely gaze and head shake, by leaving
the head node gesture to further research. The next section
introduces the study design of the experimental setting.

Fig. 4.

Experiment Environment visualized

A computer, running ROS[10] Kinetic framework on
Ubuntu 16.04, was connected to both the Kinect camera and

the robot. It was used to get the responses from the subject
over Zoom’s user interface and controlled the cobot to react
appropriately.
We used the WxPython GUI library to generate a realisticlooking virtual assembly table on which a virtual wood
pane with five holes is placed as shown in Figure 5. The
participants were asked to drive a screw to the wooden hole
through the GUI. The interface allowed the participants to
directly control the robot through the interface so that a user
action on the GUI platform triggered the physical robot. A
recorded HRI interaction session (watch with sound on) is
available at https://youtu.be/CZnoOvgzySQ.

In each question the second multiplier remained the same
where the initial three digits were changed to map all five
holes on the wood pane. In Figure 5 there is an example
multiplication question as “Tens digit of 637 × 3”.
The gaze-pointing of the robot (to the hole location)
provided an opportunity to the participants for interaction.
In each trial the robot gaze at one of the holes to give a
gaze cue to the participant. Nevertheless, the robot pointed
the holes with varying correctness as a function of the
experimental condition. Thus, we designed the experiment’s
independent variable by manipulating the “trust factor” with
three conditions (%0, %50,and %100). If the trust factor
were %0, the robot would indeed gaze at an incorrect hole.
Similarly, it would always gaze at the correct hole when the
trust factor was %100. Finally, it was a fifty-fifty chance to
gaze at the correct hole to the participant when the trust factor
was %50. The participants were not informed about the value
of the trust factor in the instructions session. Instead, they
were informed that the robot would time-to-time point at a
correct hole.
C. Questionnaires
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B. Design and Procedure
The experiment had a within-subject design with three
conditions. Each condition represented the degree of correctness in robot’s gaze-pointing gesture. More specifically,
the robot provided a gaze cue to the participants. The task of
the participant was to drive the screw into the correct hole.
The information about the correct hole location was given as
a challenge to the participant (a multiplication of two twodigit numbers). In each trial, the participant calculated the
multiplication to find out the correct location of the hole
and drive the screw to the hole. The robot pointed the hole
in different degrees of correctness in the three experimental
conditions, as presented in more detail below.
The participants were given 200 seconds in each condition.
The order of the conditions was randomly distributed across
the participants. The task of the participant was to drive
as many screws as possible into the correct hole.In case of
incorrect allocation of the screw drive by the participant, the
robot performed a head shake and gaze aversion, aiming at
expressing a negative feeling to the participant. The presence
of the multiplication task made it a challenging task to find
the correct hole to drive the screw due to cognitive load
[11]. The difficulty of the multiplication was similar across
the questions. The participants calculated the tens digit of
multiplication to identify the location of the correct hole.

After the administration of each experimental condition,
the participants were asked to evaluate the session by filling
in two questionnaires. The first one was the ”Godspeed
Questionnaire” by Bartneck et al. [12], which evaluates
Anthropomorphism, Animacy, Likeability, Perceived Intelligence, and Perceived Safety of robotic systems using five
items for each measure. Participants used a ten-point rating
scale to express agreement or disagreement with the items.
For the second questionnaire, ten measures were chosen from
the ”Toolkit for Measuring Acceptance of an Assistive Social
Robot” by Heerink et al. [13]: Anxiety, Attitude, Intention to
Use, Perceived Adaptability, Perceived Enjoyment, Perceived
Sociability, Perceived Usefulness, Social Presence, and Trust.
Lastly, the participants were asked to comment about the
robot’s character for each corresponding trial. The participants also filled in a TIPI personality questionnaire at the
end of the experiment [14].
IV. RESULTS
This section presents the method of analysis and the
preliminary results of the experiment. We collected data from
six participants (one female, mean age M = 22.0, SD = 1.91)
and excluded data from one participant due to unexpectedly
elongated engagement to the task at the beginning of the
experiment. All the data points from the remaining five
participants were included in the analysis.
The performance of the participants was measured in terms
of the number of driven screws per experimental condition,
the average duration from the onset of the screw display on
the screen to driving it into the hole and the average duration
before clicking the ”Next Screw” button.
Initial results indicates an improvement in the task performance in terms of the number of correctly driven screws,
when the trust factor goes from %0 (M = 20.0, SD = 7.87) to
%50 (M = 25.2, SD = 9.14) and %100 (M = 26.2, SD = 3.34).

We have also obtained a similar pattern in the duration of
task accomplishment. The participants spent the longest time
(M = 5.72, SD = 2.00)under the lowest trust factor, a shorter
time under the %50 trust factor (M = 4.69, SD = 1.418), and
the shortest time (M = 4.11, SD = 1.11) with the highest
trust factor . To sum up, participants’ performance improved
with increasing trust ratio. The highest accuracy values were
achieved when the robot gaze-pointed the correct hole with
%100 rate of correctness (i.e., the fully trustable robot). This
finding indicates that the participants tended to follow the
robot’s guidance instead of performing the multiplication to
calculate the correct location of the hole.
A descriptive analysis of the answers to the questionnaires
shows that some of the participants reported that the robot
tried to trick them when the trust rate was %50. Moreover,
the robot received the highest questionnaire scores under this
condition, in particular for being lifelike, conscious, lively,
knowledgeable and intelligent, whereas it received the lowest
scores for being kind and friendly.
Even though it is early to generalize the findings due to the
limited number of participants, these findings may indicate
that the participants interacted more intensively when the
robot gaze-pointed correct locations, even partially. One may
interpret the findings as humans’ tendency for robot interaction under sub-optimal conditions (i.e., a partially trustable
robot). The questionnaire results suggest that a partially
trustable robot may provide a better and a more realistic
sense of trust relationship than a fully deterministic robot.
A major limitation of the present study was the low number
of participants. Experiments with more participants had to
be canceled due to the recent complete lock-down measures,
which prevented our access to the cobot. Future research
should address the trust concept in HRI by conducting
experiments with a larger group of participants and more
variance in the trust ratios.
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