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STEPPING INTO THE
FUTURE: ENHANCING
INTERACTIONS BETWEEN
HUMANS AND MACHINES

Dr Michael Richardson and Dr Rachel Kallen from Macquarie

University in Sydney have demonstrated through a wide body

of research, that machines can play a vital role in collaborating

with humans on perceptual-motor tasks. A key focus of Dr
Richardson and Dr Kallen’s cutting-edge research is enhancing the

performance of artificial agents using dynamic motor primitives, to

create more natural and effective interactions with humans.

Over the last few decades, technology

has become an integral part of our lives.

Whilst society has largely embraced
this leap, there is still some reticence
in the acceptance that machines can
perform on an equal level to humans
or even replace them in undertaking
certain tasks. Dr Michael Richardson
and Dr Rachel Kallen from the School
of Psychological Sciences at Macquarie
University in Sydney, Australia, have
undertaken a wealth of research
exploring how machines can be
developed to interact naturally and
effectively with humans.

Due to the social nature of the society
that we live in, our human behaviours
often involve coordinating our actions
with others, especially if we have a
shared goal. Working with others is
more efficient and depends upon our
fundamental skills in social perception.
Typically, such activities involve us
collaborating with other humans.
However, Dr Richardson and Dr Kallen
are interested in whether artificial
agents or machines may be able to
play a role in this context, especially
given the rapid pace of development in
virtual reality and robotic technologies.

They believe that artificial agents could
help provide perceptual motor training
and rehabilitation to humans, as well
as assist the elderly or people with
disabilities.

The researchers acknowledge that

for artificial agents to be accepted
within society, they need to have real-
time coordination and the ability to
respond in a way that is ‘human-like’.
To develop this level of performance,
the detailed study and modelling of
real human actions is required. Much
of Dr Richardson and Dr Kallen’s
research has focused on testing

the effectiveness of dynamic motor
primitives, a mathematical formulation
of human perceptual-motor behaviour,
for controlling the movements and
actions of artificial agents. This type of
modelling can capture the two main
types of motor movement exhibited by
humans, which are discrete movements
such as reaching or throwing and
rhythmic movements such as waving
and walking.

Exploring Effective Human-machine
Interaction

To assess the effectiveness of artificial
agents in collaborative tasks, Dr
Richardson and Dr Kallen undertook a
study comparing the performance of
both human-to-human and human-
to-machine pairings. The experimental
task involved the pairs working together
to herd a small flock of virtual sheep

to a specific location. The results
revealed that the human and machine
performance was the same as for the
human-to-human pairings. Importantly,
Dr Richardson and Dr Kallen were able
to demonstrate that complex human
movement and social behaviours can be
successfully modelled and implemented
by artificial agents, especially when
multiple parties are required to work
together.
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This research is supported by a further study by Dr Richardson
and Dr Kallen, which aimed to assess whether artificial

agents could naturally undertake ‘pick and place’ activities.
These are the kind of actions we undertake daily with those

in our households, such as setting the table or loading the
dishwasher. The research found that dynamic motor primitives
were successful in instructing artificial agents when to pass or

not pass an object, as well as which hand movements to make.

Another aim of this study was to determine whether humans
were able to detect the involvement of a machine in this task.
The experimental set-up involved participants wearing virtual
reality headsets which masked whether their partner was
another human or a machine. They were instructed to work
together to move coloured discs from one area of the table to
a corresponding target. The results found that at the end of
the task the participants were unable to tell if they had been
working with a human or a machine. This further supports the
researchers’ optimism about the successful involvement of
artificial agents within joint human activities.

Enhancing Machine Interactions Based on Human
Behaviour

Despite undertaking research which demonstrates successful
partnering between humans and artificial agents, Dr
Richardson and Dr Kallen have been keen to further explore
how these relationships can be further enhanced. Whilst

itis important for the behaviour of artificial agents to be
perceived as natural by their human partners, it is also vital
that machines can cope with the less predictable and more
chaotic behaviours displayed by humans. For the interaction
to be successful, both humans and machines need to be
highly flexible and adaptive. Dr Richardson and Dr Kallen
acknowledge that if machines are to play a key role in training,
rehabilitation and assistance, then this is a possible barrier that
needs to be overcome.

Recently, the researchers have undertaken a study investigating
if improvements can be made in how artificial agents deal

with chaos. They tested a theory used in cognitive science and
psychology that is based on feedback delays in the human
perceptual motor system. It was previously thought that
processing delays may negatively affect human interactions.
But more recently, research has shown very small feedback
delays, of a few milliseconds, might help humans to
synchronise with and anticipate the actions of another person,
even if they are chaotic.

This phenomenon is referred to as ‘anticipatory
synchronisation’ and has been applied to human-machine
learning by Dr Richardson and Dr Kallen. They found that these
micro delays had a positive effect and enhanced machines’
ability to respond to chaotic behaviour. Interestingly, it

also enabled the artificial agent to better synchronise their
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behaviour with humans - this is something that typically only
occurs in human-to-human interactions. This demonstrates
that principles of our human behaviour can enhance the
behaviour of machines, an ethos that is present throughout
Dr Richardson and Dr Kallen’s research. They believe the most
effective approach is to combine human-inspired strategies
and expertise with the more standard computer learning.

Use of Machines in Training

Another key focus of Dr Richardson and Dr Kallen’s research
has been the application of artificial agents in training humans,
particularly in relation to motor behaviours. Most complex
tasks require training for new employees, which often proves to
be costly and time-consuming for the organisations involved.
Involving machines in this training could be a way to increase
efficiency and reduce costs. Interactive artificial agents could
take on the training roles typically occupied by humans.
However, to be successful artificial agent trainers would need to
exhibit natural human behaviour throughout their interactions
with trainees.

It has been demonstrated in Dr Richardson and Dr Kallen’s
research that the performance of machines can be

indistinguishable from that of a human. The use of dynamic
motor primitives in the modelling of artificial agents’
behaviours has been heralded as a key factor in generating a
high level of performance, a key issue that the researchers have

gone on to test within the context of training.

Dr Richardson and Dr Kallen’s research into artificial agent
training used another virtual sheep herding task. This time,
three different experimental scenarios were employed to assess
if machines were able to provide a comparable level of training
to human experts. The first and second scenarios explored the
performance of human-to-human and human-to-machine

pairings, respectively, and the third scenario assessed whether
humans could learn successful behaviour from a model-
controlled artificial agent. The researchers then measured if the
humans were able to transfer these skills to improve their future
performance when paired with another human.

The results demonstrated that humans could learn successfully
from a machine and were also able to use this to enhance
future performances with other human team members.

Whilst successful, Dr Richardson and Dr Kallen wanted to
establish which type of artificial agent modelling produced

the most effective and human-like training performance. To
assess if dynamic motor primitives were the most optimum
programming principles for artificial trainers, the researchers
conducted a further study comparing this with an alternative
method called deep reinforcement learning. This alternative
approach involves the artificial agent learning how to behave in
a specific environment, through trial and error, by performing
actions and seeing the results. When comparing this method

of modelling through further virtual sheep herding tasks, it

was clear that dynamic motor primitive modelling produces
the most successful results. Further research has shown that a
hybrid of both methods may be the optimum approach.

Dr Richardson and Dr Kallen have demonstrated the critical
role that artificial agents can play in the training of motor
perception skills across a range of industries including

health and sports. Over time, machines will be able to play

an increasing role in helping to improve our collaborative
behaviours, and have many benefits to offer society. The
researchers maintain that there is also much for humans to
learn from machines. However, before artificial agents are more
widely embraced in our society, greater trust and acceptance
are needed from humans. Dr Richardson and Dr Kallen argue
that once humans are engaged in working alongside machines
as equals, then their true benefits can be realised.
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