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Abstract— Various human-robot collaboration scenarios may
impose different requirements on the robot’s autonomy, ranging
from fully autonomous to fully manual operation. The paradigm
of sliding autonomy has been introduced to allow adapting
robots’ autonomy in real time, thus improving flexibility of
a human-robot team. In sliding autonomy, functions can be
handed over between the human and the robot to address
environment changes and optimize performance and workload.
This paper examines the process of handing over functions
between humans by looking at a particular experiment scenario
in which the same function has to be handed over multiple times
during the experiment session.

We hypothesize that the process of function handover is
similar to already well-studied human-robot handovers which
deal with physical objects. In the experiment, we attempt to
discover natural similarities and differences between these two
types of handovers and suggest further directions of work that
are necessary to give the robot the ability to perform the
function handover autonomously, without explicit instruction
from the human counterpart.

Index Terms— Function Handovers, Teleoperation, Robot
Control

I. INTRODUCTION

In Mobile Robotic Telepresence (MRP) [8] and, more
broadly, in robot teleoperation [7], a human operator is
controlling a robot from a distance. If the robot possesses
some degree of autonomy, then the operator is sharing control
functions with the robot itself. In many settings it is natural
that functionality should be distributed in some way or
another between the human and the robot, thereby requiring
the implementation of various control paradigms. Master-
slave control systems rely on the human operator in the
control loop - for instance, the Soviet Lunokhod-1 mission
rover was directly operated from Earth, with a 2.5s round
trip delay. Other systems, such as that of NASA’s Mars
Exploration Rover (MER) mission, implemented supervisory
control: Here the operators issued the daily missions which
were then performed by the rovers autonomously [5]. Various
modes of teleoperation are discussed in detail by [11].

An ideal telepresence system is a transparent communica-
tion channel that provides natural human-human interaction.
However, real current systems are limited by today’s tech-
nology, and therefore other types of interactions have to be
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taken into account when attempting to establish telepresence.
These are:

• human-robot interaction between the local user and the
robot;

• human-robot interaction between the remote user and
the robot (through the communication channel);

• human-computer interaction between the remote user
and a robot control point (being that a PC computer, or
a tablet device, or anything else);

• human-computer interaction between the remote user
and the robot control interface.

Equipping the robot with more features to improve ex-
pressiveness also puts an additional burden on the user
controlling it, unless the robot can handle certain functions
autonomously. For example, standard first person shooter
(FPS) controls used frequently in computer games allow
2DOF movements of the character using arrow or WASD
keys and 2DOF of viewpoint change via mouse. This is
sufficient for typical tasks like pointing and shooting, how-
ever it is inadequate when used as a means of non-verbal
communication between characters. At the same time, adding
mode degrees of freedom to a virtual character or a robot
requires the introduction of corresponding user controls and,
consequently, results in an extra burden on users.

This study looks at the interaction between the remote user
and the robot in the scenario, specifically when the robot
is able to act autonomously or semi-autonomously. In such
cases, the robot has to adjust its functionality based on the
user’s needs. Sliding autonomy (, or adjustable autonomy per
original definition by [10],) addresses precisely this issue,
allowing the robot to ”slide” according to user requirements
and environmental changes. Thus, sliding autonomy aims to
reduce the burden on the user who otherwise has to carry out
all actions and adjustments fully manually. For this purpose,
[4] proposes an ”explicit theory of delegation (and trust)” to
achieve the dynamic collaboration in human-robot teams.

Function redistribution in sliding autonomy means that one
or multiple functions are transferred between the agents (the
human and the robots). Sheridan emphasizes the need for
an allocation authority that handles the process of function
redistribution [11]. With this authority established and the
command issued, however, it is still necessary to hand the
function over between the agents. In the manual operation
scenario this is accomplished by means of a user interface
(UI), so the robot is clearly instructed on what function
is handed over at what moment in time. In some cases,
heuristics are used to automate the transition. For instance, an



autopilot system in certain aircrafts may be disengaged when
the pilot puts deliberate force on the yoke. In such cases, the
pilot’s actions may lead to a function transition regardless
of whether they are actually prepared to take over. In fact,
this unintended function transition is cited as a main cause
in some aircraft accidents [3], [13].

While sliding autonomy is concerned with how to redis-
tribute functionality between the human and the robot, this
paper looks at the actual process of switching a function in
teleoperation, and, more broadly, in human-robot collabora-
tion scenarios. In particular, our goal is to investigate what
the process of handing over a function between humans and
robots looks like, and whether there are any behavioral cues
that can be utilized to help make this process as smooth and
seamless as possible, similar to physical handovers [12].

Contrary to existing works that aim to improve the quality
of the switching process by providing a better feedback to the
user, we, in this work, look at the process of switching func-
tions as a handover. In this function handover both agents,
the user and the robot, play equal roles in determining details
of the handover. Function handover denotes the transfer of a
task or control from one agent to another. In the context of
this paper, the terms function, duty and task may be used
interchangeably, since the sole type of function handover
found here essentially constitutes an exchange of duties.

Since teleoperation scenarios allow for diverse constella-
tions including several human operators or groups of robots,
function handovers may also occur between a human and all
or a subset of the team’s robots. It is worth investigating if
there are also insights to be gained from analyzing handovers
between more than two humans.

In this first step, however, we present a scenario that allows
data collection from a function handover in dyadic human-
human and human-robot teams. The proposed scenario is
implemented in a state-of-the-art robotics simulator and
tested in a preliminary experiment.

The contribution of this work is in developing an ex-
perimental platform that allows data collection in order to
study function handovers in human-human teams. Below, we
describe the experimental platform as well as an introductory
study that has been performed using this platform.

The paper is organized as follows: The general approach
is described in Section II. Section III show the design and
the results of the initial experiment, conducted to verify the
scenario and the general approach. The paper is concluded
by Section IV.

II. METHOD

The ultimate goal of this study (as well as follow-up en-
deavors) is to enable a robot to perform a function handover
with a human partner both autonomously and seamlessly. In
practice, this means that the robot has first to identify the
need to adjust its autonomy by handing over functionality
to and from the human – the problem addressed by sliding
autonomy. But it also has to identify the precise moment
when the handover is required to take place, as well as the

exact way of signaling and acknowledging if there are several
options.

There are multiple ways to facilitate autonomous function
handovers. First of all, observing and understanding the
environment (and the own status within this environment)
allows the robot to take on a ”human’s view” and identify
when the pilot’s actions are inadequate. A circumstance of
this kind can qualify as a sign for the robot to proactively
initiate a handover.

A second option is to observe the behavior of the human
operator and to search for cues that might indicate the need
to perform a function handover – ideally before serious
mistakes have occurred. For instance, it has been shown
before that high workload can be a good predictor of loss of
efficiency. Furthermore, we hypothesize that predictors can
be found to indicate not only the need, but also the timing
of the handover.

To this end, recording and incorporating data from both
the environment and the operator is expected to provide the
necessary means to make informed decisions on when it is
advisable to perform a handover.

At this early point of the study our goal is to establish
an experimental framework that would allow us to observe
human-human and human-robot function handovers in a
plausible scenario. As this study is based on empirical
hypothesis testing, a scenario has been developed in order
to facilitate data collection from function handovers.

A number of baseline criteria have been set for the overall
scenario design. These are as follows:

• a two-party (human-human or human-robot) team acting
in the same environment;

• the two parties collaborate towards a common goal;
• a score is assigned based on the overall team perfor-

mance;
• achieving the goal implicitly requires that one (and

always the same) function be handed over between team
members in both directions;

• the function handover occurs multiple times during one
experiment session;

• the entire experiment session is observable by the ex-
perimenter;

• the environment is fully controlled.

A. Game Overview

The game scenario has been developed in order to fulfill
the aforementioned criteria (Fig. 1a) and the game envi-
ronment consists of two robotic arms (6 and 7) and three
conveyor belts (1, 2, and 3). Both robotic arms are controlled
by the subjects. The arms differ in that arm (6) operates
automatically once activated, while the arm (7) (located
between the belts 1 and 2) is controlled manually using a
joystick. Subjects move the gripper and pick up the boxes
by pressing the trigger button (hold the trigger until you want
the gripper to release the box). Inverse kinematics is used to
derive joint angles based on a tentative gripper pose. The
second arm (6, on the left) is automatic. Subjects only need



to turn it on and off by pressing another button. An indicator
on the screen shows the status of the automatic arm.

The task is to take boxes (4 and 5) from the straight belts
(1 and 2) and put them on the circular conveyor belt (3).
The belts carry two kinds of boxes, namely green and red
ones. Green packages are always on the left belt (1). Both
arms can reach this belt, however, if the automated arm (6)
is enabled, the manual arm (7) is not permitted to enter the
belt area and pick up a box. The right belt (2) carries red
boxes. These can only be reached by the manually controlled
arm (7). The frequency of spawning green boxes is adjusted
based on subjects’ success rate, thereby making it impossible
to pick up all boxes.

For each box that subjects put on the circular belt (3) with
the manually controlled arm they receive one point. If the
automated arm successfully places the box on the target belt,
then it is awarded the one point. If a green box is lost (i.e.,
it falls from the belt), then subjects lose a point. Moreover,
losing a red box costs the subjects ten points, as it is solely
their responsibility to pick it up. The idea behind the scoring
is that subjects need to enable the automated arm to take care
of those boxes they cannot take themselves. At the same
time, it is neither a good idea to let the automated arm pick
up all the green boxes, because subjects will not earn any
points for that.

The role of allocation authority in the current experiment
is to switch the function (and thereby the responsibility) to
pick up boxes from belt (1) between the two agents. Thus,
if the role of allocation authority is assigned to the subject
controlling the manual arm (7), then the scoring system
favors a strategy in which handovers are being performed
irregularly, depending on the current situation.

B. Implementation

The experimental environment is developed using the V-
Rep simulator [9]1. Subjects control the robotic arm using
a joystick. The autonomous arm is activated and deactivated
via a push button. The button is detached from the joystick
and can be pressed independently. X and Y axes of the
joystick move the gripper within the horizontal plane (of
the environment coordinate system). The gripping action is
controlled by using the index-finger button. The fingers on
the gripper on the subject-controlled arm are arranged in a
120o configuration, so it is tolerant towards imprecise gripper
positioning over boxes. Subjects observe the environment
from the top view to simplify mapping of the joystick
movements to arm actions (see Fig. 1b).

III. HUMAN-HUMAN FUNCTION HANDOVERS

The main goal of the experiment is to perform an initial
data collection and analysis and make some first observations
of the function handover. When observing the function
handover between two humans, we postulate the following
hypotheses based on observations from physical handovers:

1The physics engine used in the experiment is Bullet v.0.78.

(a) General overview of the experiment environment.

(b) Operator’s view of the experiment environment.

Fig. 1: The experiment environment. Boxes (4 and 5) are
carried by the conveyor belts (1 and 2) and must be placed
on the circular belt (3). (7) is a manually controlled robotic
arm and (6) is an automated arm which has to be engaged
and disengaged.

H1 As in the case of physical handovers, function han-
dovers involve a signaling phase, in which the giver
and the receiver agree on performing the handover.

H2 As in the case of physical handovers, the signaling phase
of function handovers mostly relies on non-verbal cues.

H3 There is a causal relationship between the current state
of the environment, i.e., the positions of the robots and
boxes on the belts, and the gaze of the giver, which the
receiver can learn to predict and anticipate the handover
request.

Thus, rejecting the null hypotheses would require us to
observe signaling before performing handovers (to reject null
hypothesis of [H1]), the signaling is non-verbal ([H2]), and
to observe a correlation between the current situation on the
conveyor belts (for example, two concurrent boxes) and the
handover event ([H3]).

A. Experiment Design

The experiment was structured in three conditions de-
scribed below and utilized a complete within-subject design.



Condition I: The purpose of Condition I was to analyze
the modalities with which the participant acting as the
operator requested the help of the participant acting as the
assistant, to assess the validity of hypotheses [H1] and [H2].
In this condition, the operator and the assistant were able
to communicate however they preferred to, as long as they
remained seated in their respective positions.

Before the experiment, the subjects were instructed on the
purpose of the game and the commands to issue to control the
virtual robots; they were told that they could communicate
the need for assistance anytime during the game in whatever
way they wanted. No comment was made about how or
when the operator was supposed to ask for the assistant’s
intervention. Importantly, the assistant was unable to see the
virtual workspace and was instructed to press the push button
whenever the operator requested assistance. Only a visual
indicator of the automated arm was visible to the assistant,
to allow them to confirm the status of the arm (on or off)
and to avoid undesired confusion in the operator-assistant
communication.

In this and the following studies, we saw the function
handover as an event of switching the automated arm on
and off. In this handover, the function which is handed over
between the operator and the assistant was represented as the
duty to take the green boxes from the left and place them
on the circular conveyor belt.

In accordance with our hypotheses, we predicted that:
i at least in the initial stages of the experiment session,

there is a correlation between the subjects’ non-verbal
cues and the verbal assistance requests;

ii the majority of all assistance requests is verbal;
iii at least in the initial stages of the experiment session,

eye contact precedes the verbal assistance requests;
iv the assistant correctly addresses the majority of the

assistance requests.
If the predictions were correct, Hypothesis 1 would be

supported and Hypothesis 2 partially supported.

Condition II: Condition II aimed at assessing the validity
of [H1]. The experiment setup was identical with that in
Condition I, with the exception that this time around subjects
were not allowed to talk or use any verbal cues. Constraining
the subjects to only non-verbal communication was supposed
to force the subjects to explore other ways to communicate.

As in Condition I, the assistant could not see the
workspace, but only the visual automated arm status indi-
cator.

In accordance with our hypotheses, we predicted that:
i the user and the assistant use eye contact to communi-

cate the assistance request (and acknowledgment);
ii the assistant will correctly address most of the user’s

requests (differences to scenario (1) will be minimum);
iii there is a correlation between the scene in the virtual

environment and the timing of the assistance requests.
If the predictions were correct, Hypothesis 1 would be

supported and so would Hypothesis 2.

Fig. 2: Overview of the experiment environment.

Condition III: Condition III aimed at testing [H2]. In this
condition, the experimental setup was exactly the same as in
Condition II, only in this case the assistant was also able to
see the workspace. The predictions were as follows:

i the operator and the assistant use eye contact to com-
municate the assistance request and acknowledgment;

ii the assistant will correctly address most of the user’s
requests (differences to scenarios (1) and (2) will be
minimum);

iii there is a correlation between the scene in the virtual
environment and the timing of the assistance requests;

iv there is a correlation between the scene in the virtual
environment and the assistant’s gaze (i.e., they try to
predict an assistance request).

If the predictions were correct, Hypothesis 1 would be
supported and Hypothesis 2 would be supported as well.
Moreover, if prediction 4 was correct, then Hypothesis 3
would also be supported.

B. Experimental Settings

In this experiment, subjects were placed in a vis-a-vis
position (see Fig. 2). Two identical monitors were placed so
that both subjects could see the simulated workspace and at
the same time each other’s faces clearly. During Conditions
1 and 2, the assistant’s monitor was covered with the mask
which only revealed the automated arm indicator to confirm
that it had been switched on and off.

Throughout the experiment, data was continuously col-
lected from user controls (all joystick axes and buttons,
assistant’s button) and the simulated environment (spawned,
collected, lost boxes, current scores, etc.). The non-verbal be-
haviors of the subjects were analyzed using video recordings
collected with monitor-mounted cameras. The NASA TLX
questionnaire [6] was employed to collect subjects’ perceived
workload after each condition, with the weighting session
being performed after the experiment on a per-subject basis.

The experiment was designed in the within-subject form.
Every subject was exposed to all experimental conditions
and participated in two blocks - as an operator and as an
assistant. The order of blocks was counter-balanced across
the subjects. The protocol of the complete experiment session
was as follows:

• Introduction and signing of an informed consent form.



• Background questionnaire and example videos of op-
eration sessions: (bad) assistant is always off, (bad)
assistant is always on, (good) assistant is switched on
and off, based on the current situation.

• Block I:
– Practice session - 6 min.
– Condition I - 6 min, TLX questionnaire.
– Condition II - 6 min, TLX questionnaire.
– Condition III - 6 min, TLX questionnaire.

• Interim results questionnaire.
• Subjects switch their places and corresponding roles.
• Block II:

– Practice session - 6 min.
– Condition I - 6 min, TLX questionnaire.
– Condition II - 6 min, TLX questionnaire.
– Condition III - 6 min, TLX questionnaire.

• Final results questionnaire.
• TLX weighting procedure.
• Debriefing.

C. Results

In total, six subjects participated in the pilot experiment;
three male and three female, all with a background in
technology, ages ranging from 23 to 46 (µ = 33.2, σ =
8.52). Each subject participated in both experimental blocks
(as the operator and the assistant); the order of blocks was
counterbalanced. No effect of order on other performance
metrics was found. No further statistical analysis of perfor-
mance data was conducted due to the small sample size.

Despite the small sample size, the observations derived
from individual teams and subjects revealed valuable infor-
mation for the study and experiment design. The following
paragraphs summarize the observations along with the anal-
ysis of the questionnaire data regarding subjects’ feedback
and workload assessment.

The workload was measured after each condition, using
the NASA TLX questionnaire. The weighting procedure
was administered after the experiment and the weights were
calculated per each subject. Five out of six subjects reported a
considerably higher workload in the operator role than in the
assistant role. At the same time, despite the higher workload,
all subjects reflected during the debriefing that they enjoyed
the operator role more. In the case of the assistant role, four
subjects reported an increased workload in the third condition
(when they were able to see the environment). This, however,
had no visible effect on the workload of the operator in
the corresponding condition. Five subjects reported an on
average 3.5 times higher workload in operator mode relative
to assistant mode. One subject had a higher workload in the
assistant mode.

When asked what was the main impediment in the task,
the assistants’ responses were: blindness, focus, signaling,
anticipation, conflict (with the operator), physics (w.r.t. non-
trivial box handling), in that order. To the same questions,
the operators’ responses were: control, physics, signaling,
dropping (boxes), grasping, physics. All subjects surmised

that they would perform better if they trained more. As
the main challenges in Condition 2, subjects regarded the
difficulty to remember to give a signal, response time and
difficulty to handle concurrent tasks (gesturing). When asked
what had changed in Condition 3 (when the assistant was
able to see the screen), the subjects listed the ability to
anticipate, misunderstandings and action by the assistants
when they were not expected or instructed to act.

On average, the subjects performed µ = 27.2 (σ =
4.3) handovers in both directions per session (each session
being 6:00 minutes), with a total of 499 handovers observed
across all conditions and all subjects. Explicit eye contact
between both subjects was not observed in every handover,
but was rather common in situations in which conflicts or
misunderstandings occurred. Thus, the predictions regarding
the stable eye contact preceding each handover occurrence
were not supported. Prediction (i) of Condition I was not
confirmed either, since no eye contact or gestures were
present during this condition (i.e., all subjects communicated
verbally). Predictions on the success of handovers were
in fact confirmed, with an overall success rate of 99.6%.
Prediction (iii) in Conditions II and III were supported, as
the operators requested assistance in all cases in which there
were concurrent boxes present on the belts. Prediction (iv)
for Condition III could not be assessed due to a too small
sample size, however preliminary data shows that assistants
were more inclined to look at the screen when they were
able to see the environment, compared to Conditions I and
II in which they were not.

The important qualitative observation from all sessions is
that all subjects across all conditions agreed on their sig-
naling prior to the session start (subjects were not restricted
to communicate between the experimental conditions). The
agreement ranged from brief negotiation of keywords to
developing deliberate strategies for collaborating over the
central conveyor belt. The signaling in verbal mode in-
cluded simple commands such as ”engage”, ”disengage”,
”on”, ”off”. For the signaling in non-verbal conditions, four
subjects opted for hand gestures (finger or arm up/down) and
two chose to use nods of the head.

In this experiment, one of the two subjects (the operator)
has been explicitly taking on the role of allocation authority.
This was due to the fact that in two experiment conditions
the assistant did not have information about the experimental
environment. The order of conditions in each block was
not randomized due to the small number of subjects. That
may explain the fact that in the third condition the role of
allocation authority always remained with the operator.

Another important observation in this initial data collec-
tion is that all subjects negotiated signaling before each
session. This contradicts the prediction that signaling has
to precede each handover, and moreover, this eliminates the
need for eye contact during handover. It also reveals the more
complex nature of handing over functions than was expected
in the beginning of the study.



IV. CONCLUSIONS AND FUTURE WORKS

This paper was written specifically with regard to a robot
teleoperation scenario, in which the robot is able to adjust its
own level of autonomy. In such a case, there are two acting
entities, controlling the robot simultaneously. Adjustable
autonomy allows to switch functions between actors, as a
way to optimize for changing environments. However, it also
requires that the functions be switched seamlessly, with the
operator always being prepared to take over or yield control.
This latter detail on which this paper is focusing is that of
how exactly functions are handed over between actors.

Multiple options to switch functions are used in current
human-machine systems. Depending on who is responsible
for function allocation, the operator can have full control over
the switching process (e.g. when using traditional dashboard
controls), or can be notified about the need to switch. The
ultimate goal of this study is to allow the robot to synchronize
the handover with the operator, thereby eliminating any need
for explicit action from the user.

In this paper, we discussed function handovers as a key
issue for HRI and human-robot collaboration. We further
presented an experimental framework that allows us to study
these handovers between humans and - in future applications
- humans and virtual agents. Finally, a number of preliminary
experiments were conducted with the presented experimental
platform as a first investigation into the parameters which
promote function handovers.

The collected initial observations do not support any of
the experiment predictions. Moreover, the human-human
function handover experiment demonstrated the negotiation
between the subjects on signaling and error handling prior to
the entire experiment session. A possible explanation of this
might be the fact that subjects knew that they would have
to perform a series of handovers rather than just one, as is
the case with different scenarios. The main direction of our
future work is to take a closer look at 1) individual function
handovers between humans and 2) a series of handovers,
similar to the scenario in the presented study, but dealing
with physical objects. For instance, it can be observed in
different daily situations that two people handing over objects
between each other multiple times do not establish eye
contact during each handover event. A formal experiment
could be established to observe this situation. If, in such
an experiment, the negotiation phase between subjects will
precede an experiment session, this will indicate support
for Hypothesis 1 in the human-human function handover
experiment.

Another direction of future work includes extending the
data collection and analysis to obtain more quantitative per-
formance data such as reaction and response time, and also
extend the interaction analysis between subjects to include
brief and peripheral vision, and possibly motion detection.
Collecting physiological data can also be beneficial as it has
been shown to be a strong predictor of workload or stress [2],
[1] , both of which can affect the assistance requests.

In the human-human experiment, the subjects’ gaze behav-

ior analysis is currently implemented using video analysis.
The resulting robust and reliable data collection is necessary
to observe the operator-assistant gaze interaction fully.

Possible explanations of why no strong behavioral cues
were observed in the experiments could lie in the nature
of handovers. The skill of handing over an object is highly
developed in humans and is a conscious action to indicate
intention. There is nothing suggesting that functional han-
dover is similar enough to handing over of physical objects
that it would be trained simultaneously. A second direction
of future work thus is to elicit behavioral cues intentionally,
by modifying the experiment in such a way that subjects are
asked to give a ”cue” prior to the explicit request.

Yet another planned setup involves two or more assistants
(in the human-human scenario) or several robots with over-
lapping radii of action. In the former case, the experiment is
again comprised of three conditions in which the assistants
may or may not see the environment and they may or may
not be allowed to use verbal cues. In all three conditions
only one assistant’s robot can be active at a time and it is
the operator’s responsibility to signal who is supposed to take
over in a given situation. It will be interesting to see how the
nature of the cues change compared to the single-assistant
experiments and whether the dynamics change drastically in
the third condition.
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