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Abstract: This article discusses aspects of future research in communication 
sciences related to a popular and omnipresent artefact of algorithmic machines, 
VRFLDO�URERWV��6RFLDO�URERWV�DUH�GHÀQHG�LQ�WKLV�DUWLFOH�DV�SK\VLFDO�HQWLWLHV�RU�PD-
chines, which may resemble a human being or animal and are able to replicate 
certain human or life-like movements and functions. Experts predict that robots, 
MXVW�OLNH�$,��ZLOO�UHSODFH�D�VLJQLÀFDQW�QXPEHU�RI�MREV�LQ�WKH�QHDU�IXWXUH��LQFOXG-
LQJ�QRQ�LQGXVWULDO� MREV� VXFK�DV� URERWV�ZRUNLQJ� LQ�RIÀFHV�RU� WKH� VHUYLFH� LQGXV-
WU\�DORQJVLGH�KXPDQ�¶FR�ZRUNHUV·��%URRNÀHOG�,QVWLWXWH��������)RUG��������*XQNHO��
�������/LNHZLVH��ZH�PD\�ÀQG�PRUH�URERWV�LQ�RXU�SULYDWH�OLYHV��IRU�H[DPSOH��UHSODF-
LQJ�KXPDQ�FDUH�ZRUNHUV��,VKLJXUR��������0F*LQQ�HW�DO����������2YHUDOO��WKH�ÀHOG�RI�
robotics, and particularly social robots, offers a broad range of research oppor-
tunities and exigencies for communication scientists. The aim of this conceptual 
paper is to provide a framework for the discussion of algorithms, social robots 
and communication sciences.
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Frauke Zeller

Algorithmic Machines

From Binary Communication Designs to 
Human-Robot Interactions

1 Introduction

,W�LV�WRGD\�UDUHO\�FRQWHVWHG�WKDW�DOJRULWKPV�LQÁXHQFH�RXU�OLYHV�LQ�DOO�GL-
mensions – social, economic, political, legal, and cultural. Communication 
scholars have thus started to critically look into the role of algorithms, their 
IXQFWLRQV��DQG�KRZ�WKH\�LQÁXHQFH�RXU�FRPPXQLFDWLRQ�SURFHVVHV��VHH��IRU�H[DP-
SOH��$QGHUVHQ��������%XFKHU��������*LOOHVSLH��������������.LWFKLQ��������.OLQJHU�	�
Svensson, 2018). Similarly, there is an increasing number of publications from 
researchers in the STEM (Sciences, Technology, Engineering & Mathematics) 
ÀHOGV�ZKR�RIIHU�FURVV�GLVFLSOLQDU\�LQWURGXFWLRQV�DQG�GLVFXVVLRQV�RI�DOJRULWKPV�
�VHH��IRU�H[DPSOH��&KULVWLDQ�	�*ULIÀWK��������)U\��������

This paper discusses an applied aspect and artefact of algorithmic culture 
(Striphas, 2015) - that is algorithms and machines such as in Human-Robot In-
teraction (HRI). While there has been growing attention in media (BBC News, 
������ )RZOHU�� ������ DV� ZHOO� DV� DFDGHPLD� �&OHUZDOO�� ������ '|UU�� ������ )HUUDUD��
2020) to so-called online robots, or bots, and how their algorithmic design can 
cause havoc on social media, this article focuses on ‘traditional’ robots: phys-
ical entities or machines which may resemble a human being and are able to 
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UHSOLFDWH�FHUWDLQ�KXPDQ�PRYHPHQWV�DQG�IXQFWLRQV��2[IRUG�(QJOLVK�'LFWLRQDU\���
2U��XVLQJ�D�PRUH�WHFKQLFDO�GHÀQLWLRQ��D�URERW�FDQ�DOVR�EH�GHÀQHG�DV�´D�SK\VLFDO-
O\�HPERGLHG�DUWLÀFLDOO\�LQWHOOLJHQW�DJHQW�WKDW�FDQ�WDNH�DFWLRQV�WKDW�KDYH�HIIHFWV�
RQ�WKH�SK\VLFDO�ZRUOGµ��6LPRQ��������

([SHUWV�SUHGLFW�WKDW�URERWV�� MXVW�OLNH�$,��ZLOO�UHSODFH�D�VLJQLÀFDQW�QXPEHU�RI�
MREV�LQ�WKH�QHDU�IXWXUH��%URRNÀHOG�,QVWLWXWH��������)RUG��������*XQNHO��������,)5��
������ 6SHQFH��:HVWHUPDQ��	� /LQ�� ������� /LNHZLVH��ZH�PD\�ÀQG�PRUH� URERWV� LQ�
our private lives in the near future, for example, replacing human care work-
HUV��,VKLJXUR��������0F*LQQ���������3DUWLFXODUO\�URERWV�LQ�RXU�VRFLDO�DQG�SULYDWH�
lives, so called social robots, often do not come with an obvious impression of 
being made of inorganic hardware and algorithms. Instead, social robots tend 
to resemble humans or animals – at least in some basic characteristics such as 
KDYLQJ�H\HV��D�PRXWK��DQG�OLPEV��7KLV�PHDQV�WKH\�´DUH�GHVLJQHG�WR�SURPRWH�DQ-
thropomorphism and zoomorphism (the attribution of human or animal char-
DFWHULVWLFV�WR�D�QRQ�KXPDQ�DQLPDO�HQWLW\�µ��)UDVHU�HW�DO���������S�������7KH\�DOVR�
aim to imitate human beings or animals in their behaviour and communication 
SDWWHUQV��%UHD]HDO��������=HOOHU���������7KXV��EDVHG�RQ�WKRVH�GHVLJQ�GHFLVLRQV��RQH�
can assume that they are intended to make us forget that they are autonomous 
machines, operating, as any intelligent machine does, on algorithms. Arguably, 
the past decades’ development of social robots has focused in many areas on de-
VLJQLQJ�DQG�SURGXFLQJ�VRFLDO�URERWV�WKDW�DUH�´LQFUHDVLQJO\�KXPDQOLNH��QRW�RQO\�LQ�
physical appearance but also in the display of human psychological, affective, and 
EHKDYLRUDO�IHDWXUHVµ��*LJHU�HW�DO���������S��������$PRQJ�GHYHORSHUV��RQH�PDLQ�UD-
tionale for this development is the assumption that the more humanlike a social 
robot is, the more it will be accepted by the human user given that the similarity 
RI�KXPDQ�IHDWXUHV�DQG�EHKDYLRXUV�IDFLOLWDWH�WKH�LQWHUDFWLRQ��*LJHU�HW�DO����������
User acceptance is also mentioned as one of the main goals in the design of HRI 
�%ORZ�HW�DO���������%UHD]HDO��������

The overall aim of this conceptual paper is to provide a framework for the dis-
cussion around algorithms, social robots and communication sciences. The aim, 
however, is not to argue that communication researchers should become trained 
in programming algorithms for social robots themselves, nor to understand or 
reproduce the computer science details related to algorithms. Rather, in order to 
understand and research the relevance and role of algorithms in social robotics, 
algorithms or the computational processes in general need to be seen as part of 
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the holistic, overall ‘interaction’ design approach. Similarly, Dudek and Jenkin 
(2010) describe the relationship between algorithms and robots in a certain sub-
VHW�RI�URERWV�� WKDW� LV�PRELOH�URERWV��´0RELOH�URERWV�DUH�QRW�RQO\�D�FROOHFWLRQ�RI�
algorithms for sensing, reasoning, and moving about space, they are also physical 
embodiments of these algorithms and ideas that must cope with all the vagaries 
of the real world” (Dudek & Jenkin, 2010, p. 2). This paper will discuss the inter-
connectedness and interdependency by discussing the front-end and back-end1 
of social robotics, and future research avenues for communication researchers. 
7KH�ÀUVW�SDUW�RI�WKLV�SDSHU�ZLOO�EULHÁ\�LQWURGXFH�VRFLDO�URERWV�DQG�DOJRULWKPV��,W�
will then explain what kind of algorithms guide robots by using the binary front-
HQG�DQG�EDFN�HQG�GLVWLQFWLRQ�DV� D� JXLGLQJ� IUDPHZRUN�� DQG�ÀQDOO\�SURYLGH�GLV-
FXVVLRQV�RI�IXWXUH�WUHQGV�DQG�UHVHDUFK�DYHQXHV�LQ�WKLV�ÀHOG�IRU�FRPPXQLFDWLRQ�
UHVHDUFKHUV��*LYHQ�WKH�H[WHQW�DQG�LQWHUGLVFLSOLQDU\�QDWXUH�RI�WKH�ÀHOG�RI�URERWLFV�
and social robotics, and the limitations of any paper published in a special issue, 
this paper uses a funnel-approach: it starts by providing a wide and general intro-
duction to the overall topic, to then gradually narrowing down when it comes to 
discussing future trends and research avenues.

2 Social Robots and Algorithms

2.1 Social Robots

2YHUDOO��VRFLDO�URERWV�FDQ�EH�GHVFULEHG�DV�EHLQJ�GHVLJQHG�WR�LQWHUDFW�ZLWK�
humans – be it to help or support them, or as friends, lovers, etc. – and thus 
are required to have some form of personality and usually an anthropomor-
phic or zoological embodiment. This means most social robots either look like 
humans (or at least imitate basic human features such mouth, eyes) or animals 
�%UHD]HDO��'DXWHQKDKQ��	�.DQGD��������)UDVHU�HW�DO����������,Q�JHQHUDO��RQH�FDQ�
VD\�WKDW�D�VRFLDO�URERW�IXOÀOV�DOO�DELOLWLHV�DQG�IXQFWLRQV�RI�D�URERW�DFFRUGLQJ�WR�

1 Front-end and back-end describes the classic binary distinction in machines, where 
the front-end depicts what the user sees and interacts with, and the back-end the 
technological and algorithmic design (hardware and software). See, for more detail, 
section 2.3 of this paper.
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WKH�,62��,QWHUQDWLRQDO�2UJDQL]DWLRQ�IRU�6WDQGDUGL]DWLRQ��GHÀQLWLRQ2, but does 
that in the context of interacting with humans in a human-centric way (see 
DOVR�%UHD]HDO��'DXWHQKDQ��	�.DQGD��������

An interesting question is whether a social robot must be able to perform a 
certain function as industrial robots do, for example. Breazeal, Dautenhahn and 
.DQGD� ������� VWDWH�DV� WKH�PDLQ�XQLI\LQJ� IXQFWLRQ�RU�FKDUDFWHULVWLF� WKDW�´VRFLDO�
robots engage people in an interpersonal manner, communicating and coordi-
nating their behavior with humans through verbal, nonverbal, or affective mo-
GDOLWLHVµ� �S�� �������2QH�RI� WKH� HDUOLHU� GHÀQLWLRQV� RI� VRFLDO� URERWV� WDNHV� D�PRUH�
socio-centric point of view:

Social robots are embodied agents that are part of a heterogeneous group: a society 
of robots or humans. They are able to recognize each other and engage in social 
interactions, they possess histories (perceive and interpret the world in terms of 
their own experience), and they explicitly communicate with and learn from each 
other. (Dautenhahn & Billard, 1999)

%UHD]HDO��������IRFXVHV�RQ�KRZ�SHRSOH�SHUFHLYH�URERWV�DQG�H[WUDFWV�KHU�GHÀ-
nition from there. Her point of departure is inspired by different works, such as 
WKH�PHGLD�HTXDWLRQ��5HHYHV�	�1DVV���������ZKLFK�SRVLWV�WKDW�KXPDQV�WHQG�WR�DSSO\�
social models when interacting with machines, including robots.

Autonomous robots perceive their world, make decisions on their own, and perform 
coordinated actions to carry out their tasks. As with living things, their behavior is a 
product of its internal state as well as physical laws. Augmenting such self-directed, 
creature-like behavior with the ability to communicate with, cooperate with, and 
learn from people makes it almost impossible for one to not anthropomorphize them 
(i.e., attribute human or animal-like qualities). We refer to this class of autonomous 
robots as social robots, i.e., those that people apply a social model to in order to inter-
DFW�ZLWK�DQG�WR�XQGHUVWDQG���%UHD]HDO��������S������

Zeller (2005, pp. 99-100), based on Breazeal (2002) and Dautenhahn et al. 
(2002), provides an overview of the different sub-classes or degrees of ‘social’ in 
social robots, ranging from:

�� $FFRUGLQJ�WR�WKH�,62������������D�URERW�LV�DQ�´DFWXDWHG�PHFKDQLVP�SURJUDP-
mable in two or more axes (4.3) with a degree of autonomy (2.2), moving 
within its environment, to perform intended tasks” (https://www.iso.org/obp/
XL��LVR�VWG�LVR������HG���Y��HQ��
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• socially evocative (robots aiming to create anthropomorphization process-
es in humans),

• socially communicative (robots that are capable to communicate, usually 
in natural language),

• socially receptive (robots that can learn from humans, from motoric func-
tions to language/communication),

• socially cooperative/sociable (robots that have their own/personal moti-
vations which usually include the social interaction with humans),

• socially situated (robots that can perceive their environment), and

• socially intelligent (robots with empathic ability, based on human-like cog-
nitive structures and social competencies).

2QH�VRFLDO�URERW�FDQ�FHUWDLQO\�FRYHU�D�UDQJH�RI�WKRVH�QRWLRQV�RI�VRFLDELOLW\��
although each single objective or social trait requires often different, complex 
algorithmic and technological abilities. Thus, the more social traits included, the 
more sophisticated and usually expensive the robot is.

*HQHUDOO\�VSHDNLQJ��WHUPLQRORJLHV�DQG�HYHQ�GHÀQLWLRQV�DURXQG�VRFLDO�URERWV�
can be considered as changing or ‘moving’ targets: For example, the term social 
URERW�XVHG�WR�EH�´DSSOLHG�WR�PXOWL�URERW�V\VWHPV�ZKHUH�WKH�GRPLQDQW�LQVSLUDWLRQ�
FDPH�IURP�WKH�FROOHFWLYH�EHKDYLRU�RI�LQVHFWV��ELUGV��ÀVK�VXFK�DV�ÁRFNLQJ��IRUDJ-
LQJ�HWF�µ��%UHD]HDO��������S��������,Q�KHU�SDSHU��%UHD]HDO�HODERUDWHV�WKDW�WKH�WHUP�
¶VRFLDO·�KDG�FKDQJHG�´WR�EHFRPH�PRUH�VWURQJO\�DVVRFLDWHG�ZLWK�DQWKURSRPRUSKLF�
VRFLDO�EHKDYLRUµ��������S�������

The notion of embodiment, one of the core concepts in the beginnings of HRI, is 
DOVR�FKDQJLQJ��'HQJ��0XWOX�DQG�0DWDULF��������VWDWH�WKDW�́ PRVW�VRFLDOO\�LQWHUDFWLYH�
robots do not need to physically interact with their environments in order to per-
form their tasks” (p. 251), and provide a research overview of the role of physical 
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embodiment in social robotics3. Similarly, we have to understand the context of 
the term ‘autonomous’ used in Breazeal’s quotation above. The term then is not 
necessarily comparable to current connotations of ‘autonomous’, when, for exam-
ple, referring to self-driving cars. Rather, ‘autonomous’ refers to the ability of a 
robot to process sensor-based data input and then produce or show corresponding 
reactions, so that it appears to be autonomous or freely choosing its behaviours. 
Braitenberg (1984) famously discussed in his thought experiment  how easily ma-
chines (or mechanical agents) can appear to be autonomous or show emotions 
by simply using a sensor coupled to a motor. For example, a simple moving agent 
(such as, a small robot on four wheels) with a light sensor can appear to be drawn 
towards the sun, and thus imitate emotional, autonomous behaviour (Damiano, 
'XPRXFKHO��	�/HKPDQQ��������'DXWHQKDQ�������4.

7KH�EURDGHU�ÀHOG�ZLWKLQ�ZKLFK�VRFLDO�URERWV�DUH�GLVFXVVHG�LV�FDOOHG�+XPDQ�5R-
bot Interaction (HRI). Bartneck et al. (2020) describe HRI as a discipline, which 
´LV�UHODWHG�WR�KXPDQ²FRPSXWHU�LQWHUDFWLRQ��+&,���URERWLFV��DUWLÀFLDO�LQWHOOLJHQFH��
WKH�SKLORVRSK\�RI�WHFKQRORJ\��DQG�GHVLJQµ��S������7KH\�VWDWH�WKDW�VRFLDO�URERWV��RU�
rather the interaction of humans with social robots, usually represent the main 
SHUVSHFWLYH�RU�REMHFWLYH�RI�WKH�ÀHOG��DQG�WKDW�WKRVH�´LQWHUDFWLRQV�XVXDOO\�LQFOXGH�
physically embodied robots, and their embodiment makes them inherently dif-
IHUHQW�IURP�RWKHU�FRPSXWLQJ�WHFKQRORJLHVµ��S������7KH�DXWKRUV�FODLP�WKDW�VRFLDO�
URERWV�FDQ�EH�SHUFHLYHG�DV�´VRFLDO�DFWRUV�EHDULQJ�FXOWXUDO�PHDQLQJ�DQG�KDYLQJ�D�
VWURQJ�LPSDFW�RQ�FRQWHPSRUDU\�DQG�IXWXUH�VRFLHWLHVµ��S������7KLV�VWDWHPHQW�FDQ�
DOVR�EH�FRQQHFWHG� WR� WKH�FORVH�FRXSOLQJ�RI� VRFLDO� URERWV�DQG�ÀFWLRQ�RU�SRSXODU�
culture in general, where robot-like automata have been displayed and narrated 
HYHQ�D�ORQJ�WLPH�EHIRUH�.DUHO�ňDSHN�FRLQHG�WKH�WHUP�¶URERW·�LQ�KLV�SOD\�5�8�5��²�
5RVVXP·V�8QLYHUVDO�5RERWV��2QQDVFK�	�5RHVOHU��������&RKHQ���������2YHUDOO��+5,�
is being described as inherently multidisciplinary, connecting scholars from a 
EURDG�UDQJH�RI�GLVFLSOLQHV�DQG�UHVHDUFK�ÀHOGV�VXFK�DV�PHFKDWURQLFV��HQJLQHHULQJ��

3 The literature on embodiment in HRI is vast, and discussions highly diverse. This 
SDSHU�ZLOO�IRFXV�RQ�HPERGLHG�VRFLDO�URERWLFV��)RU�IXUWKHU�UHVHDUFK�LQ�WKLV�ÀHOG��VHH�
%HFNHUOH��&DVWHOOLQL�DQG�/HQJJHQKDJHU���������%UHD]HDO�DQG�6FDVVHODWL���������%URRNV�
��������'L6DOYR�DQG�*HPSHUOH���������)LVFKHU��/RKDQ�DQG�)RWK���������)RVWHU���������
*LJHU�HW�DO����������*XQNHO���������.DSODQ���������0LOOHU�DQG�)HLO�6HLIHU���������:DL-
QHU�HW�DO���������

4 Braitenberg’s thought experiments have since been numerously applied in basic 
programming or introductory AI lectures (see, for example, Ertl, 2009).
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linguistics, philosophy, psychology, design, anthropology, and communication 
UHVHDUFK��%DUWQHFN�HW�DO��������� VHH�DOVR�.DQGD�	� ,VKLJXUR���������$UJXDEO\�� WKH�
FRPPXQLFDWLRQ�SHUVSHFWLYH�KDV�EHHQ�HPSKDVL]HG�LQ�WKH�ÀHOG�RI�+5,�DQG�VRFLDO�UR-
ERWLFV�IURP�WKH�VWDUW��ZLWK�HDUO\�VWXGLHV�DOUHDG\�SRVLQJ�TXHVWLRQV�VXFK�DV��´:KDW�
are the common social mechanisms of communication and understanding that 
FDQ�SURGXFH�HIÀFLHQW�� HQMR\DEOH��QDWXUDO� DQG�PHDQLQJIXO� LQWHUDFWLRQV�EHWZHHQ�
KXPDQV�DQG�URERWV"µ��%UHD]HDO��'DXWHQKDKQ��	�.DQGD��������S��������

2.2 Algorithms

$FFRUGLQJ�WR�)U\��´>D@Q�DOJRULWKP�LV�VLPSO\�D�VHULHV�RI�ORJLFDO�LQVWUXFWLRQV�
WKDW�VKRZ��IURP�VWDUW�WR�ÀQLVK��KRZ�WR�DFFRPSOLVK�D�WDVNµ��)U\��������SDJH�����
:KLOH�WKH�DXWKRU�DGPLWV�WKDW�VXFK�D�EURDG�GHÀQLWLRQ�ZRXOG�DOVR�PHDQ�WKDW��IRU�
H[DPSOH��EDNLQJ�UHFLSHV�DUH�DOJRULWKPV� �VHH�DOVR�*XQNHO�� ������%U\VRQ���������
WRR��LW�DOVR�QHHGV�WR�EH�VWUHVVHG�WKDW�WKLV�GHÀQLWLRQ�UHSUHVHQWV�WKH�EDVLF�IRUP�RI�
DOJRULWKPV�DQG�GRHV�QRW�QHFHVVDULO\�VXIÀFH�WR�H[SODLQ�DOJRULWKPV�XVHG�LQ�PD-
chine learning and in neural networks. Fry (2018) distinguishes between rule-
based and machine-learning algorithms. Whereas the rule-based algorithms are 
IXOO\�SURJUDPPHG�E\�KXPDQV�DQG�FDQ�EH�GHVFULEHG�DV�´GLUHFW�DQG�XQDPELJX-
RXVµ��)U\��������S�������WKH�VHFRQG�W\SH�RI�DOJRULWKPV�LV�´LQVSLUHG�E\�KRZ�OLYLQJ�
creatures learn” (p. 10). In fact, machine-learning algorithms are designed to be 
capable of basically writing themselves, based on a given framework and with 
the use of large data sets that allow for trial and error-based training and learn-
ing approaches to a given problem until an optimal path is found. Thus, the hu-
man programmer is not needed to provide the whole path, nor different options 
(so-called IF-THEN routines, for example). These algorithms have proven to be 
rather useful for problems that are more vague, such as in image recognition 
�)U\�� ������ *XQNHO�� �������+RZHYHU�� WKH\� DUH� DOVR� UHSUHVHQWLQJ� D� WHFKQLFDO� DV�
ZHOO�DV�VRFLHWDO�FKDOOHQJH�LQVRIDU�WKDW�´LI�\RX�OHW�D�PDFKLQH�ÀJXUH�RXW�WKH�VROX-
tion for itself, the route it takes to get there often won’t make a lot of sense to 
a human observer. The insides can be a mystery, even to the smartest of living 
programmers” (Fry, 2018, page 11).
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Staying with the algorithmic basics, according to Fry (2018, pp. 8-9) typical 
tasks for digital algorithms (i.e. those implemented in computing and/or digital 
environments) are:

• 3ULRULWL]DWLRQ��L�H��PDNLQJ�RUGHUHG�OLVWV��VXFK�DV�LQ�VHDUFK�RXWSXWV�

• &ODVVLÀFDWLRQ��L�H��SLFNLQJ�FHUWDLQ�FDWHJRULHV�VXFK�DV�LQ�FODVVLI\LQJ�DQG�UHPRY-
ing inappropriate content in multimedia platforms (for example, YouTube).

• $VVRFLDWLRQ�� L�H�� ÀQGLQJ� OLQNV� DQG� UHODWLRQVKLSV� LQ� GDWD� VHWV� VXFK� DV� RQ�
matchmaking platforms (for example, partner search).

• Filtering, i.e. sorting and isolating what is important such as in speech rec-
RJQLWLRQ�ZKHUH�DOJRULWKPV�QHHG�WR�EH�DEOH�WR�ÀOWHU�WKH�QRLVH�IURP�ZKDW�LV�
actually said.

When looking at these main tasks, what comes to mind is that they are also 
carried out on a daily and continuous basis by humans: We need to be able to pri-
RULWL]H�ZKDW�QHHGV�WR�EH�GRQH�ÀUVW�ZKHQ��IRU�H[DPSOH��WKH�DLP�LV�WR�VLPSO\�KDYH�D�
EDWK��L�H��ÀUVW��SXW�WKH�SOXJ�LQ�WKH�EDWKWXE��WKHQ��UXQ�WKH�ZDWHU��HWF����:H�FODVVLI\�
when we consume news or media in general, picking what is most relevant to us. 
Sometimes we also use association to help us here, or we associate certain expe-
ULHQFHV�ZLWK�QHZ�VLWXDWLRQV� LQ�RUGHU�WR�NQRZ�KRZ�WR�SURFHHG��)LQDOO\��ÀOWHULQJ�
needs to be performed non-stop in our communicative interactions, be it simply 
WR�ÀOWHU�RXW�EDFNJURXQG�QRLVH�ZKHQ�WDONLQJ�WR�VRPHRQH�LQ�WKH�VWUHHW�

%U\VRQ��������S�����SURYLGHV�D�FRQQHFWLRQ�WR�WKH�SK\VLFDO�FRQWH[W�RU�HPEHGGHG-
QHVV�RI�DOJRULWKPV�E\�VWDWLQJ�WKDW�DOJRULWKPV�DUH�ÀUVW�DQG�IRUHPRVW�´DEVWUDFWLRQVµ�
DQG��WDNHQ�DW�IDFH�YDOXH��PHUHO\�´LQHUWµ�OLVWV�RI�LQVWUXFWLRQV��7KXV��RWKHU�WKDQ�WKH�
comparison of algorithms to baking instructions, an algorithm can be depicted 
DV� D� FRPSXWDWLRQDO� SURFHGXUH� �*XQNHO�� ������ &RUPHQ� HW� DO��� ������� 7KLV�PHDQV��
physical computation is an essential part of an algorithm, no matter whether the 
DOJRULWKP�LV�´LQWHOOLJHQWµ�RU�QRW��VHH�EHORZ��VHFWLRQ�������´-XVW�DV�D�VWUDQG�RI�'1$�
LQ�LWVHOI�LV�QRW�OLIH�²�LW�KDV�QR�FDSDFLW\�WR�UHSURGXFH�LWVHOI�²�VR�LQVWUXFWLRQ�VHWV�>DO-
JRULWKPV@�UHTXLUH�QRW�RQO\�LQSXW��GDWD��EXW�DOVR�SK\VLFDO�FRPSXWDWLRQ�WR�EH�UXQ��
:LWKRXW�VLJQLÀFDQW��FRPSOH[�SK\VLFDO�LQIUDVWUXFWXUH�WR�H[HFXWH�WKHLU�LQVWUXFWLRQV��
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ERWK�'1$�DQG��«��DOJRULWKPV�DUH�LQHUWµ��%U\VRQ��������SS��������7KH�DXWKRU·V�VWDWH-
ment connects to this paper’s objective, which is discussing algorithms and social 
robots, by emphasizing that algorithms cannot stand on their own. Rather, they 
are always dependent on the wider physical, computational context of a robot, 
DQG�GHÀQH�QRW�RQO\�WKH�LQQHU�PHFKDQLVPV�DQG�SURFHVVHV�RI�D�URERW�EXW�DOVR�LWV�
outer reactions, interaction patterns, and abilities.

2.3 The Social Robotic Front-End and the Algorithmic Back-End

Braitenberg’s (1984) thought experiment can function as an example for the 
classic binary distinction in machines: front-end and back-end, where the front-end 
depicts what the user sees and interacts with (i.e. the interface), and the back-end 
represents the technological and algorithmic design (hardware and software). When 
it comes to robots, and social or autonomous robots, the robotic system must be able 
to perceive its environment (or features of it) and respond to sensory input (see also 
Bartneck et al., 2020). The example of Braitenberg’s vehicle, where a simple machine 
or robot moves toward the light and thus appears to the layperson to be showing a 
natural direct reaction, can actually be broken down into several steps or subsystems.

)LJXUH����6LPSOLÀHG�URERWLF�IURQW�HQG�DQG�EDFN�HQG�UHODWLRQDO�V\VWHP��DXWKRU¶V�RZQ�GUDZLQJ�
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To demonstrate this, Figure 1 illustrates the robot interface as the front-end, 
including in this example two kinds of sensor input: cameras for vision (here, 
shown as imitated eyes on the anthropomorphized robot head) and microphones 
for auditory input (here, shown as imitated ears). This input is then processed in 
the back-end, which can also be called the robotic attention system (the term was 
DGDSWHG�IURP�%UHD]HDO��������DQG�*XQNHO���������7KH�SURFHVVLQJ�XVXDOO\�FRQWDLQV�
interpreting the input (sensory input), and matching it with the internal dataset 
of the robot. For example, if the input is light, the dataset could contain the rule 
to either move towards a light source or to avoid it, and with this producing the 
LPSUHVVLRQ�WKDW�D�URERW�HLWKHU�OLNHV�WKH�OLJKW�RU�WULHV�WR�DYRLG�LW��2QFH�WKH�PDWFK-
ing is successful, the machine will choose the corresponding output and activate 
WKH�URERW·V�DFWXDWRUV��LQ�WKLV�FDVH��WKH�ZKHHOV�RI�WKH�URERW��ZKLFK�SURGXFH�PRYH-
ment. These processes are based on algorithms, which are, as depicted above, 
simple instructions as to what to do under certain conditions.

7KLV�VLPSOLÀHG�H[DPSOH�VKRZV�WKDW�ZKHQ�LW�FRPHV�WR�SODQQLQJ�+5,�RU�WKH�GHVLJQ�RI�
social robots, one cannot think of direct relations where a stimulus causes a straight-
forward reaction. Rather, a stimulus (i.e. input from a sensor) needs to be detected 
by the back-end, processed, and then embedded in the robotic behaviour system 
WR�ÀQDOO\�FRPH�XS�ZLWK�D�FRUUHVSRQGLQJ�RXWSXW�RU�UHDFWLRQ��/LNHZLVH��D�VRFLDO�URERW�
cannot function if the chosen sensor does not receive any input. Using the example 
of the light again, the robot will not show any reaction (ie. move towards the light) 
if the light source is not working, such as when the electric light fails or the sun is 
not visible. The fact that robotic systems are prone to malfunction given even small 
irregularities in their environment, deters the establishment of close relationships 
between humans and social robots. Following up on the light example, human users 
can still function when the sun is not visible or a light bulb ceases to function. Thus, 
in an HRI context, where a social robot’s design successfully makes the user feel com-
fortable believing that they can interact with the robot in a similar way to the way 
they would interact with other human beings, those small malfunctions can trigger 
an uncanny valley and thus lead to a strong negative reaction on the human user side 
�VHH�DOVR�%UHD]HDO��'DXWHQKDKQ��	�.DQGD���������8QFDQQ\�YDOOH\��0RUL��������3ROOLFN��
2009) describes in robotics the effect when, for example, a robot displays some famil-
iar humanoid features yet the arrangement or quality of these appear strange or un-
natural to the user. This could be when a computer-generated voice does not match a 
fully anthropomorphic robot (see, for example, Hanson et al., 2005).
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While Figure 1 aims to visualize the high-level functioning of a robotic system, it 
does not include the different extended interfaces of a robot, particularly a social 
robot. Zeller (2005) distinguishes four main categories of interfaces, whereas for 
VRFLDO� URERWV�RQO\� WKH�ÀUVW� WKUHH� LQWHUIDFH�FDWHJRULHV�DUH� UHOHYDQW��7KH�FDWHJRU\�
WHFKQRORJLFDO�LQWHUIDFHV�RI�D�URERW mainly distinguishes between hardware- and soft-
ware interfaces (as also depicted in Figure 1 as back-end). These range from in-
terfaces between the processor and main circuit board, to algorithms that allow 
for the robotic hardware to work with the software. The second category is called 
KXPDQ�URERW� LQWHUIDFH and encompasses all components that are available for hu-
mans and robots to interact with each other. They basically range from the on/off 
button of a robot to computer program interfaces that allow for humans to remote 
control robots (these days, this is often complemented by apps that can be down-
loaded and installed on the user’s phone). The third category, the robot-environment 
LQWHUIDFH, can be compared to the front-end in Figure 1. Social robots need to be able 
to perceive their environment, at least to a certain degree, when they are intended 
to move around and interact (Zeller, 2005). The notion of a moving entity also ex-
pands the end-user’s perception and kindles a whole set of additional interaction 
SRVVLELOLWLHV�DQG�H[SHFWDQFLHV��VHH�DOVR�%UHD]HDO��'DXWHQKDKQ��	�.DQGD���������)RU�
example, a lot of social robots are able to follow (to a certain degree) a human user, 
which instils the impression of belonging together, friendship, and intelligence.

2.4 Algorithms to Imitate Human Action

Social robotics in general follows the idea of embodiment, meaning that 
physical robots are, on the one hand, built resembling humans so that we can 
OHDUQ�PRUH�DERXW�KXPDQV�E\�ZD\�RI�URERWLF�H[SHULPHQWV��2Q�WKH�RWKHU�KDQG��
resembling humans helps to build robots that can function in our (social) en-
vironments, that is, robots should learn from humans given that we carry out 
cognitive, manual, etc. tasks that are often highly complex (see, for example, 
Bartneck et al., 2020). Therefore, robotics and particularly social robotics apply 
algorithms that are based on human action analysis. This means that humans, 
their behaviours but also physical movements, actions, etc. represent the mod-
HO�VRFLDO�URERWV�DLP�WR�LPLWDWH��´:KHQ�D�URERW�LV�GRLQJ�VHUYLFH�ZRUN�RU�DVVLVW-
ing humans in our daily life, it also needs to collaborate with humans and is 
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expected to simulate human behaviors during the collaboration. For the pur-
pose, robots are designed to understand human actions and to predict human 
intentions (…)” (Ji et al., 2019, p. 1). The authors differentiate between different 
human action categories for which algorithms are programmed so that they 
can study human actions and then create an algorithm-based model in order to 
LPLWDWH�WKRVH�DFWLRQV��2QH�PDLQ�FDWHJRU\�LV� ¶JHVWXUHV·��ZKHUH�SDUWLFXODUO\�KX-
man hand gestures are studied via video and 3D analyses, translated into algo-
rithms and then implemented into robots. The kind of algorithms used in these 
approaches utilize machine-learning, so-called deep learning algorithms. This 
LPSOLHV�WKDW�ELJ�GDWD�VHWV�DUH�XVHG�WR�DUULYH�DW�SRVVLEOH�DOJRULWKPLF�²�DQG�ÀQDOO\�
URERWLF�²�WUDQVODWLRQV�DQG�DSSOLFDWLRQV��$�VLPSOLÀHG�H[DPSOH�ZRXOG�EH�WKH�DQDO-
ysis of slow motion videos of manually picking up an apple and holding it. The 
VORZ�PRWLRQ�YLGHR�VKRZV�WKH�GLIIHUHQW�LQGLYLGXDO�VWHSV��LQFOXGLQJ�ZKDW�ÀQJHUV�
and even muscles are used, basically breaking down a gesture that might only 
take a few seconds into multiple screen-shots. Modern algorithms are capable 
WR�ÀUVW� FDSWXUH� WKRVH�KXPDQ�PRYHPHQWV�� GLIIHUHQWLDWH� WKHP� LQWR�PLOOLRQV�RI�
single instances, and then translate them into technological counterparts for 
the robot, i.e. what sensors are used, what electronic parts are needed when 
and how, etc. Ji et al. (2019) thus differentiate for the analysis of human body 
motion multiple sub-categories, such as simple motion analysis or skeleton 
PDSSLQJ��7KHVH�DUH�WKHQ�YLD�DOJRULWKPV�WUDQVODWHG�LQWR�D�VR�FDOOHG��´VHPDQWLF�
representation”, which means formal representations as in programmes and 
PRGHOV�WKDW�D�PDFKLQH�FDQ�SURFHVV��DQG�ÀQDOO\�UHVXOW�LQ�DOJRULWKPV�WKDW�DSSO\�
WKH�DFWXDO�LQWHUDFWLRQ�RU�DFWLRQ�LPLWDWLRQ��-L�HW�DO����������2YHUDOO��D�PXOWLWXGH�
of research and publications on different algorithms for different aspects of 
robotic interactions, movements, actions, etc. exists. Many studies use humans 
as a model, however with varying degrees of analytic detail.5

�� 7KRPD]��+RIIPDQ�DQG�&DNPDN��������SURYLGH�DQ�H[KDXVWLYH�RYHUYLHZ�RI�FRPSX-
tational, algorithmic approaches to HRI. Their meta-study complements earlier 
overview studies by Fong, Nourbakhsh and Dautenhahn (2003) and Breazeal, Taka-
QLVKL�DQG�.RED\DVKL��������DQG�V\VWHPDWLFDOO\�GRFXPHQWV�WKH�GLIIHUHQW�VWXGLHV�DQG�
approaches in computer sciences in HRI.
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3 Algorithms and Communication in Social Robotics

As mentioned above (see section 2.1), communication between human us-
ers and social robots has been a pivotal topic from the start. Thus, studies looking 
into the different aspects of communication design including the corresponding 
back-end algorithmic design can be found in great numbers. Breazeal, Dauten-
KDKQ� DQG� .DQGD� ������� SURYLGH� DQ� RYHUYLHZ� IRU� VRFLDO� URERWLFV� UHVHDUFK� DQG�
FRPPXQLFDWLRQ��ZKLOH�2QQDVFK�DQG�5RHVOHU��������LQFOXGH�QXPHURXV�H[HPSODU\�
VWXGLHV�UHODWLQJ�WR�FRPPXQLFDWLRQ�LQ�+5,��VHH�DOVR�%DURQ��������.DQGD��6KLRPL��
	�+DJLWD��������6DQGU\��������7DLSDOH�	�)RUWXQDWL���������7KRPD]��+RIPDQQ�DQG�
&DNPDN·V��������RYHUYLHZ�RI�FRPSXWDWLRQDO�DOJRULWKPLF�DSSURDFKHV�WR�+5,�SUHV-
ents the following main areas of computational research in HRI:

• )RXQGDWLRQDO�&RPSHWHQFLHV��3HUFHLYLQJ�KXPDQV��IRU�H[DPSOH��IDFH�DQG�SHUVRQ�
UHFRJQLWLRQ��JHVWXUH�DQG�SRLQWLQJ�UHFRJQLWLRQ���YHUEDO�FRPPXQLFDWLRQ��IRU�H[-
ample, generating and perceiving speech, modeling task and domain knowl-
HGJH���QRQYHUEDO�EHKDYLRXU��IRU�H[DPSOH��GHLFWLF�JHVWXUHV��H\H�JD]H���DIIHFW�DQG�
HPRWLRQ��IRU�H[DPSOH��IDFLDO�H[SUHVVLRQV��UHFRJQL]LQJ�KXPDQ�HPRWLRQ��

• High-Level Competencies: Intentional action (for example, theory of mind, 
FRPPXQLFDWLQJ�LQWHQW���FROODERUDWLRQ��FRJQLWLYH�DQG�SODQQLQJ�IUDPHZRUNV��
FROODERUDWLYH�PDQLSXODWLRQ���QDYLJDWLRQ��VRFLDO�PRGHOV�IRU�QDYLJDWLRQ��QDY-
LJDWLRQ� DQG� YHUEDO� LQVWUXFWLRQV��� OHDUQLQJ� �FKDUDFWHUL]LQJ� KXPDQ� OHDUQLQJ�
LQSXW��VRFLDO�LPLWDWLRQ�OHDUQLQJ����7KRPD]��+RIIPDQ��	�&DNPDN��������S������

The overview shows that most categories include communication aspects or 
directly point to communicative interaction features. Even features such as 
navigation include computational/algorithmic approaches to combine, for ex-
ample, the navigation of a robot with verbal instructions. Zeller (2005) sum-
marises the broad communication perspective in HRI by translating engineer-
ing and computer sciences’ approaches to communication aspects in HRI into 
a taxonomy based on linguistics and communication research. Her taxonomy 
encompasses the following four main categories:

Text-based communication: A social robot’s instructions, such as manuals, are one 
form of text-based communication. Manuals etc. are not the best communication 
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form from a design perspective given that social robots should be designed in a way 
WKDW�D�PRUH�QDWXUDO��LQVWLQFWLYH�IRUP�RI�LQWHUDFWLRQ�LV�SRVVLEOH��=HOOHU���������*LYHQ�
the analog nature of most manuals (i.e. printed) there is no algorithmic back-end 
either, which also underscores the break in the design logic given the algorith-
mic nature of a robot. Another text-based communication form is touch screens 
or panels for interaction. Examples are often found in service robots that, for ex-
DPSOH��DUH�GHVLJQHG�WR�KHOS�XVHUV�WR�ÀQG�WKHLU�ZD\�LQ�D�KRWHO�RU�WR�ÀQG�D�FHUWDLQ�
SURGXFW�LQ�D�ZDUHKRXVH��IRU�H[DPSOH��%D[WHU��:RRG��	�%DOSDHPH��������'|ULQJ�HW�
al., 2015). Touch screens using text-input often represent an additional choice of 
communication in order to meet different communication preferences of users.

Sound-based communication: This form of communication can range from very ru-
dimentary sounds to signal-based functions of a robot, such as on/off, low battery 
level, etc. to designs that are based entirely on sound (according to Zeller, 2005). 
The toy robot BB8 by Sphero� is an example of a robot that exclusively uses dif-
IHUHQW�VRXQGV��DQG�FRORXU�VLJQDOV��WR�FRPPXQLFDWH��3HW�URERWV��VXFK�DV�WKH�ZHOO�
NQRZQ�621<�$,%2� robot dog, also use sounds like barking, yelping etc. Regarding 
the design of social robots, an exclusive usage of sounds does not necessarily mean 
that a robot is less communicative. Because we can make links to the intended liv-
ing object (i.e. a dog, a baby), we are able to make up for the lack of linguistic/verbal 
utterances by referencing interaction with the living examples.

Visual and non-verbal communication: A commonly used communication form for 
social robots are color-based signals. For example, red is uniformly used for sig-
QDOOLQJ�D�SUREOHP��VXFK�DV�ODFN�RI�SRZHU�RU�LQSXW�RXWSXW�SUREOHPV��*HVWXUHV�DUH�
also a form of non-verbal communication and can be found in many examples of 
VRFLDO�URERWV��3DUWLFXODUO\�SHW�URERWV��VXFK�DV�WKH�DIRUHPHQWLRQHG�$,%2�GRJ��XVH�GLI-
ferent movements to communicate certain feelings or behaviours. An example is 
KHUH�WDLO�ZDJJLQJ��ZKLFK�VLJQLÀHV�H[FLWHPHQW��$QRWKHU�ZHOO�NQRZQ�URERW�LV�.LVPHW��
developed by Breazeal (2002) at the MIT (Massachusetts Institute of Technology), 
which used extensive facial movements such as eye movement, eyebrows, ears and 
mouth to signal different moods and expressions (Zeller, 2005).

Speech-based communication: Natural language input and output represents 
one of the most natural communication forms between humans and social ro-
ERWV��=HOOHU��������%DUWQHWFN�HW�DO����������,Q�URERWLFV��WZR�GLIIHUHQW�IRUPV�RU�VHWV�

�� KWWSV���ZZZ�VSKHUR�FRP��ODVW�UHWULHYHG����1RYHPEHU������
�� KWWSV���XV�DLER�FRP��ODVW�UHWULHYHG����1RYHPEHU������
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of abilities can be found – speech recognition and speech synthesis. A robot 
equipped with speech recognition is capable to perceive and ‘understand’ natu-
ral language input (from the human user), process it and provide adequate feed-
back. This feedback could be certain actions, for example when it is being told to 
move around, or gestures, or any other form of communication (colour/optical 
signals, etc.). A robot, which is also equipped with speech synthesis, can respond 
in natural language. In any case, one feature does not automatically trigger the 
other feature, or understanding language does not mean that a robot can also 
speak. This is because both features are very complex and require different yet 
collaborating algorithms and processes in the back-end.

4 Future Trends

7KH�ÀUVW�VHFWLRQV�LQ�WKLV�SDSHU�SURYLGHG�JHQHUDO�LQWURGXFWLRQV�WR�WKH�PDLQ�
REMHFWV�RU�ÀHOGV�RI�WKLV�UHVHDUFK�SDSHU��VRFLDO�URERWV��DOJRULWKPV��DQG�FRPPXQLFD-
tion. The following sections discuss in more detail future trends and research ave-
QXHV�IRU�FRPPXQLFDWLRQ�UHVHDUFKHUV�LQ�WKH�ÀHOG�RI�VRFLDO�URERWLFV�DQG�DOJRULWKPV�

4.1 6RFLR�(FRQRPLF�,PSDFW�DQG�)XWXUH�7UHQGV�RI�5RERWLFV

Robots have fascinated humankind for thousands of years, traceable to 
*UHHN�P\WKRORJ\�RU�ROG�(J\SW��VHH�&RKHQ��������,FKELDK��������5HLFKDUGW���������
7KH\�KDYH�DOVR�SOD\HG�DQ�DOPRVW�SHUPDQHQW�UROH�LQ�SRSXODU�ÀFWLRQ��DUW��DQG�WKH�
PHGLD��VHH��IRU�H[DPSOH��%DUWQHFN��������%DUWQHFN�HW�DO���������'DXWHQKDKQ��������
0XUSK\��������3IDGHQKDXHU��������6DUULFD��%URQGL��	�)RUWXQDWL��������:HLVV���������
and there is no reason to expect that this will end soon. However, robots also 
elicit diverse feelings: on the one hand, robots tend to kindle curiosity and enthu-
VLDVP��RU�HYHQ�FDULQJ�LQVWLQFWV��2Q�WKH�RWKHU�KDQG��URERWV�KDYH�DOZD\V�FRPH�ZLWK�
a dystopian tone, challenging a strict division between ‘master’ and ‘servant’, and 
kindling unease that they might take over one day8.

As a matter of fact, it is robots used in industry that, for example, ‘threaten’ 
WKH�ORVV�RI�ODERXU�FDUULHG�RXW�E\�KXPDQV��VHH��IRU�H[DPSOH��)RUG��������:HVW���������

�� 6HH�WKH�*ROHP�P\WK��IRU�H[DPSOH��LQ�&RKHQ��������
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And whereas this paper focuses on so-called social robots, recent developments in 
industrial production systems also call for intelligent, agile robots that can work 
DV�VPDUW�DVVLVWDQWV�WRJHWKHU�ZLWK�KXPDQV��´7KH�LQWHUDFWLRQ�EHWZHHQ�KXPDQ�DQG�
URERWV�LPSURYHV�WKH�HIÀFLHQF\�RI�LQGLYLGXDO�FRPSOH[�DVVHPEO\�SURFHVVHV��SDUWLFX-
ODUO\�ZKHQ�D�URERW�VHUYHV�DV�DQ�LQWHOOLJHQW�DVVLVWDQWµ��.U�JHU��/LHQ��	�9HUO��������S��
������7KLV�PHDQV�WKDW�LQGXVWULDO�URERWV�DOVR�GHYHORS�LQ�WKH�GLUHFWLRQ�RI�LQWHOOLJHQW�
FROODERUDWLYH�URERWV��VR�FDOOHG�FRERWV��VHH��IRU�H[DPSOH��$NHOOD�HW�DO���������%UHQGLQJ�
HW�DO���������%LWRQQHDX�HW�DO���������3HVKNLQ�HW�DO����������D�GRPDLQ�RI�UHVHDUFK�LQ�DG-
YDQFHG�URERWLFV��.�SSHU�HW�DO����������$V�D�UHVXOW��+HQWRXW�HW�DO���������UHJLVWHU�WKDW��
with the development of cobots, HRI research in the context of industrial robots 
KDV�VLJQLÀFDQWO\�LQFUHDVHG��7KLV�WUHQG�DOVR�UHSUHVHQWV�D�IXWXUH�UHVHDUFK�DYHQXH�IRU�
communication scholars, since humans and robots co-working in industrial set-
tings and workplaces also require successful interaction and communication. From 
an economic point of view, industrial robots represent the biggest robotics mar-
NHW�SHQHWUDWLRQ�DQG�ÀQDQFLDO� LPSDFW��$FFRUGLQJ�WR�D�UHSRUW�E\�WKH�,QWHUQDWLRQDO�
Federation of Robotics (IFR), the leading association for industrial robotics, robot 
LQVWDOODWLRQV�LQ�WKH�ZRUOG�LQ������DPRXQWHG�WR������ELOOLRQ�86�'ROODUV��ZKLFK�WUDQV-
lates into more than 420,000 installed robotic units globally. And industrial robots 
have been on the rise throughout the past decade: from 2013 to 2018, installations 
RI�LQGXVWULDO�URERWV�LQFUHDVHG�E\�����DQQXDOO\��ZLWK�&KLQD��-DSDQ��WKH�8QLWHG�6WDWHV��
WKH�5HSXEOLF�RI�.RUHD�DQG�*HUPDQ\�EHLQJ�FLWHG�DV�WKH�PDLQ�PDUNHWV�IRU�LQGXVWULDO�
URERWV��DPDVVLQJ�����RI�URERW�LQVWDOODWLRQV�ZRUOGZLGH��,)5��������

%RVWRQ�&RQVXOWLQJ�*URXS��%&*��DOVR�IRUHFDVWV�D�KLJK�JURZWK�UDWH�IRU�WKH�DG-
YDQFHG�URERWLFV�PDUNHW��HVWLPDWLQJ�DQ�LQFUHDVH�RI�����RI�WKH�JOREDO�PDUNHW�YDOXH�
IRU�URERWV�LQ�PDQXIDFWXULQJ�WR������ELOOLRQ�86�'ROODUV�E\�������DQG�D�PDUNHW�YDOXH�
IRU�URERWV�LQ�ORJLVWLFV�RI�WKUHH�ELOOLRQ�86�'ROODUV��.�SSHU�HW�DO����������)RFXVLQJ�
again on the relationship between humans and robots, the same report predicts 
WKDW�DGYDQFHG�URERWLFV�DGRSWLRQ�ZLOO�LPSDFW�WKH�ZRUNIRUFH�LQ�*HUPDQ\��IRU�H[-
ample, to up to 43% (i.e. workers being replaced by robots), and China leading 
ZLWK�DQ�DQWLFLSDWHG�����RI�LWV�FXUUHQW�ZRUNIRUFH�UHSODFHG�E\�URERWV��IROORZHG�E\�
3RODQG��������-DSDQ��������DQG�&DQDGD��������LW�VKRXOG�EH�QRWHG�WKDW�WKHVH�VWDWLV-
tics however fail to capture the creation of new jobs).

The IFR provides a category for non-industrial robots working alongside with 
and for humans – Service Robots – which encompasses different kinds of robots. 
,WV�VXEFDWHJRU\�¶3URIHVVLRQDO�6HUYLFH�5RERWV·�LV�GHÀQHG�DV�URERWV��́ ZKLFK�DUH�XVHG�
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outside of the home and conventional manufacturing scenarios” (Anandan, 2018, 
SDUD������3URIHVVLRQDO�VHUYLFH�URERWV�HQFRPSDVV�D�UDQJH�RI�GLIIHUHQW�VHUYLFH�VHJ-
ments, such as robots used for logistics-related tasks in factories and warehous-
es, medical robots deployed for surgeries and diagnostic tasks, or public rela-
WLRQV�URERWV��´ZKLFK�DUH�XVHG�WR�SURYLGH�LQIRUPDWLRQ�LQ�VKRSV�DQG�SXEOLF�VSDFHVµ�
�0�OOHU���������*LYHQ�WKH�RYHUDOO�DJLQJ�SRSXODWLRQV�LQ�GHYHORSHG�FRXQWULHV��PHGL-
FDO�URERWV·�VDOHV�JURZWK�LV�HVWLPDWHG�DW�DQ�DYHUDJH�DURXQG�����DQQXDOO\�EHWZHHQ�
�����DQG�������0�OOHU���������2YHUDOO��WKH�PDUNHW�IRU�SURIHVVLRQDO�VHUYLFH�URERWV�
VDZ�DQ�LQFUHDVH�´E\�����WR�86������ELOOLRQ�LQ�������RYHU������µ��´UHDFKLQJ�D�WRWDO�
RI�DERXW�86�����ELOOLRQ�LQ�����µ��0�OOHU��������SDUD����������$QRWKHU�VXEFDWHJRU\�LV�
FDOOHG�¶3HUVRQDO�'RPHVWLF�6HUYLFH�5RERWV·�DQG�UHODWHV�WR�URERWV�WKDW�DUH�GHVLJQHG�
IRU� SHUVRQDO�� LQGLYLGXDO� LQWHUDFWLRQV�� &RPSDUHG� WR� WKH� ÀUVW� VXEFDWHJRU\�� WKLV�
one is often referred to as niche, albeit showing a great variety, too. The niche 
expression derives from the comparatively small market penetration, however 
SDUWLFXODUO\�FOHDQLQJ�URERWV�VKRZHG�DQ�LQFUHDVH�RI�����LQ�������RYHU��������WR-
WDOLQJ�LQ�VDOHV�RI�����ELOOLRQ�86�'ROODUV��0�OOHU���������0DUNHW�JURZWK�LV�HVWLPDWHG�
WR� VWURQJO\� LQFUHDVH� LQ� WKH�QH[W� WKUHH�\HDUV�´E\�DQ�DQQXDO�DYHUDJH�RI����� >«@�
WR�MXVW�RYHU�86�������ELOOLRQ�LQ�����µ��0�OOHU��������SDUD�������*LYHQ�WKDW�ZH�ÀQG�
personal and domestic robots often closest and most personal to us, they are also 
commonly referred to as social robots.

,W�FDQ�EH�H[SHFWHG�WKDW�UHFHQW�GHYHORSPHQWV�UHODWLQJ�WR�WKH�ZRUOGZLGH�&29,'����
pandemic will have an impact on the socio-economic impact as well as socio-cultur-
al role of service robots. Yang et al. (2020) are predicting more potential roles for 
robots in the public health sector. This is a development that already started with 
WKH������(EROD�RXWEUHDN��ZKHUH�VHUYLFH�URERWV�ZHUH�LGHQWLÀHG�IRU�WKUHH�PDLQ�DU-
HDV��´FOLQLFDO�FDUH��H�J���WHOHPHGLFLQH�DQG�GHFRQWDPLQDWLRQ���ORJLVWLFV��H�J���GHOLYHU\�
and handling of contaminated waste), and reconnaissance (e.g., monitoring com-
SOLDQFH�ZLWK�YROXQWDU\�TXDUDQWLQHV�µ��DQG�WKH�´&29,'����RXWEUHDN�KDV�LQWURGXFHG�
a fourth area: continuity of work and maintenance of socioeconomic functions” 
(Yang et al., 2020). In fact, a number of academic publications have been published 
on the potential increase of impact and roles of service robots in sectors like travel 
DQG�WRXULVP��.ZRN�	�.RK���������JHRJUDSK\�DQG�XUEDQ�SODQQLQJ��&KHQ��0DUYLQ��	�
:KLOH��������RU�VHUYLFH�PDQDJHPHQW��.DUSHQ�	�&RQGXLW���������'HVSLWH�WKH�VXGGHQ�
ULVH� LQ� LQWHUHVW� DQG�SXEOLFDWLRQV� FDXVHG�E\� WKH�&29,'����SDQGHPLF�� WKH�GHSOR\-
ment of social robots – or different versions of professional service robots – cannot 
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be expected to be a clear and linear development. Recent discussions around the 
physical embodiment of social robots, and whether digital versions might be just as 
useful (see, for example, Deng, Mutlu, & Mataric, 2019), provide an example of the 
FKDQJLQJ�QDWXUH�RI�WKH�ÀHOG�DQG�WKH�QHHG�IRU�QLPEOHQHVV�DQG�RSHQQHVV�WR�HPHUJLQJ�
conditions among HRI researchers. These dynamics introduce changes in to the 
communication design of social robots and to the formats and contexts in which 
they are introduced to our daily lives.

4.2 Intelligent Social Robots

'LVFXVVLRQV�RI�DUWLÀFLDO�LQWHOOLJHQFH�DQG�VRFLDO�URERWLFV�XOWLPDWHO\�VKRXOG�VWDUW�
with the question whether social robots can be as (or even more) intelligent as their 
human partners, and also include the ethical question whether they should be as 
intelligent.9 It can be assumed that human users expect a social robot to be more 
intelligent than other robots, simply because a social robot’s objective is to interact 
VRFLDOO\�ZLWK�KXPDQV�LQ�GLIIHUHQW�FRQWH[WV��%DUWQHFN�HW�DO���������*XQNHO��������=HOOHU��
2005). This does demand, in a perfect condition, a certain range of agile reaction and 
ÁH[LELOLW\��ZKLFK�LQ�UHWXUQ�PHDQV�D�URERW�QHHGV�WR�EH�DEOH�WR�SURFHVV�LQ�UHDO�WLPH�LWV�
FRQWH[W�DQG�UHVSRQG�FRUUHFWO\�WR�LW��%UHD]HDO��'DXWHQKDKQ�DQG�.DQGD��������VWDWH�WKH�
ORQJ�WHUP�REMHFWLYHV�IRU�VRFLDO�URERWV�DV�EHLQJ�´FRPSHWHQW�DQG�FDSDEOH�SDUWQHUV�IRU�
people” (p. 1935), and provide concrete demands for future social robots:

They will need to be able to communicate naturally with people using both verbal 
and nonverbal signals. They will need to engage us not only on a cognitive level, 
but on an emotional level as well in order to provide effective social and task-re-
lated support to people. They will need a wide range of social-cognitive skills and a 
theory of other minds to understand human behavior, and to be intuitively under-
VWRRG�E\�SHRSOH���%UHD]HDO��'DXWHQKDKQ��	�.DQGD��������S�������

7KH�ÀHOG�RI�+5,�FRPSULVHV�D�PXOWLWXGH�RI�VWXGLHV�DQG�H[SHULPHQWV�WKDW�DGGUHVV�LQ-
telligence in social robots, such as Coronado et al. (2018) who introduce modular 

�� 3URYLGLQJ�D�KROLVWLF�LQWURGXFWLRQ�WR�WKH�WRSLF�$,�DQG�URERWLFV�ZRXOG�JR�EH\RQG�WKLV�
SDSHU·V�REMHFWLYH�DV�ZHOO�DV�DQ\�SDJH�OLPLWDWLRQV��)XUWKHU�UHDGLQJ�LQ�WKH�ÀHOG�FDQ�EH�
IRXQG�KHUH��%URRNV���������%U\VRQ���������0XUSK\���������'XEEHU��3DVTXDOH�DQG�'DV�
��������:DFKWHU��0LWWHOVWDGW�DQG�)ORULGL���������7RUUHVHQ��������
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programming tools for the development of intelligent behaviour in social robots. 
7KH�PRUH�HQJLQHHULQJ�UHODWHG�DUWLFOHV�LQ�WKLV�ÀHOG�RIWHQ�DGGUHVV�GLVFUHWH�SUREOHPV��
such as related to robot vision, movement, etc., and present algorithmic solutions 
accompanied by context-dependent experiments with often very small sample sizes 
�VHH��IRU�H[DPSOH��3KLOOLSV�HW�DO���������5RVHQ�HW�DO��������10��2WKHU�VWXGLHV�ORRN�LQWR�
KRZ�SHRSOH�SHUFHLYH�LQWHOOLJHQW�VRFLDO�URERWV��VHH��2QQDVFK�	�5RHVOHU��������IRU�DQ�
RYHUYLHZ��RU�SURYLGH�VROXWLRQV�IRU�VSHFLÀF�XVH�FDVHV��VXFK�DV�(GZDUGV�HW�DO�·V��������
study on AI and robots for instructional environments or studies into security and 
SULYDF\�LVVXHV�DURXQG�LQWHOOLJHQW�URERWV��VHH��IRU�H[DPSOH��5DPHVK��������

When discussing future perspectives, the question relies on whether we are 
aiming to develop intelligent social robots or socially intelligent robots. The lat-
WHU�UHODWHV�WR�WKH�REMHFWLYH�IRU�URERWV�WR�´SHUFHLYH�WKH�XVHU·V�QHHGV��IHHOLQJV��DQG�
intentions, and adapt to users over a broad range of cognitive abilities” (Wiese, 
0HWWD��	�:\NRZVND��������S���������7KLV�OHG�WR�QHZ�UHVHDUFK�FRPLQJ�IURP�QHX-
URVFLHQFHV�DQG�SV\FKRORJ\��ZKHUH�´EHKDYLRXUDO�DQG�SK\VLRORJLFDO�QHXURVFLHQFH�
PHWKRGV� VXFK� DV�PRWLRQ�H\H� WUDFNLQJ�� HOHFWURHQFHSKDORJUDSK\� �((*��� >«@µ� �S��
������DUH�XVHG�LQ�+5,�VWXGLHV��VHH�DOVR�&DQJHORVL��������&KDPLQDGH�	�&KHQJ��������
&URVV��+RUWHQVLXV��	�:\NRZVND��������-DPRQH�HW�DO���������0HUJQHU�	�7DKERXE��
������5HXWHQ��YDQ�'DP��	�1DEHU��������6FKLQGOHU��HW�DO���������8UJHQ�HW�DO���������
:\NRZVND��&KDPLQDGH��	�&KHQJ���������7KHVH�VWXGLHV�WHQG�WR�VKRZ�GLIIHULQJ�UH-
sults given that they are often bound to small sample sizes. However, they also 
represent a promising new direction, where additional methods and new interac-
tion data could enrich our understanding of HRI, including different perspectives 
of communication (i.e. neurological and neurocognitive-psychological insights).

5HJDUGLQJ�WKH�TXHVWLRQ�RI�D�VRFLDO�LQWHOOLJHQW�URERW��*XQNHO�VXPPDUL]HV�

>2@QH�RI�WKH�SHUVLVWHQW�DQG�VHHPLQJO\�LUUHVROYDEOH�LVVXHV�LV�WU\LQJ�WR�GHFLGH�ZKHWKHU�
these social artifacts do in fact possess actual social intelligence, or whether the so-
cial robot is just cleverly designed device that simulates various interpersonal effects 
WKDW�ZH�>«@�LQWHUSUHW�DV�EHLQJ�VRFLDO��HYHQ�LI�WKH�GHYLFH�LV�QRW���*XQNHO��������S������

10� 7KH�EURDG�UDQJH�RI�DFDGHPLF�GLVVHPLQDWLRQ�YHQXHV�LQ�WKH�ÀHOG�RI�URERWLFV�DQG�LQWHO-
ligence provide a huge amount of potential research paths and projects. See, for ex-
ample, IEEE International Conference on Autonomous and Intelligent Systems (AIS), 
AIAA Intelligent Systems Technical Conference, IEEE/RSJ International Conference on 
,QWHOOLJHQW�5RERWV�DQG�6\VWHPV��,526��RU�$$$,�FRQIHUHQFH�RQ�DUWLÀFLDO�LQWHOOLJHQFH�
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Similarly, in AI, simulated intelligence versus real intelligence (weak vs. strong AI) is 
also discussed. As already mentioned above, algorithms can either be rule-based or 
XVH�PDFKLQH�OHDUQLQJ��:KLOH�WKH�VFLHQWLÀF�ÀHOG�RI�$,�VWDUWHG�ZLWK�ERWK�RSWLRQV��WKH�
ÀUVW�RQH��DOVR�FDOOHG�V\PERO�SURFHVVLQJ�DSSURDFK��GRPLQDWHG�WKH�ÀHOG�RI�$,�DQG�WKH�
GHYHORSPHQW�RI�URERWV�IRU�D�ORQJ�WLPH��DQG�LV�WKHUHIRUH�QRZ�FDOOHG�*2)$,�²�*RRG�2OG�
�)DVKLRQHG�$,��VHH�*XQNHO��������'DXWHQKDKQ���������*XQNHO��������GHVFULEHV�WKH�WZR�
inherently different approaches by citing Dreyfus and Dreyfus:

2QH�IDFWLRQ�VDZ�FRPSXWHUV�DV�D�V\VWHP�IRU�PDQLSXODWLQJ�PHQWDO�V\PEROV��WKH�RWKHU��DV�
D�PHGLXP�IRU�PRGHOLQJ�WKH�EUDLQ��2QH�VRXJKW�WR�XVH�FRPSXWHUV�WR�LQVWDQWLDWH�D�IRUPDO�
UHSUHVHQWDWLRQ�RI�WKH�ZRUOG��WKH�RWKHU��WR�VLPXODWH�WKH�LQWHUDFWLRQV�RI�QHXURQV��2QH�
WRRN�SUREOHP�VROYLQJ�DV�LWV�SDUDGLJP�RI�LQWHOOLJHQFH��WKH�RWKHU��OHDUQLQJ��2QH�XWLOL]HG�
ORJLF��WKH�RWKHU��VWDWLVWLFV��2QH�VFKRRO�ZDV�WKH�KHLU�WR�WKH�UDWLRQDOLVW��UHGXFWLRQLVW�WUDGL-
WLRQ�LQ�SKLORVRSK\��WKH�RWKHU��YLHZHG�LWVHOI�DV�LGHDOL]HG��KROLVWLF�QHXURVFLHQFH���'UH\IXV�
	�'UH\IXV��������SS���������FLWHG�LQ�*XQNHO��������S������

Regarding social robots, either approach exists. However, relating back to the 
future needs of social robots’ abilities depicted above, and also taking into account 
that there will be increased interaction with social robots in our daily lives (Bart-
QHFN�HW�DO���������0�OOHU���������DGYDQFHV�LQ�PDFKLQH�OHDUQLQJ�DSSURDFKHV��DQG�DOVR�
DUWLÀFLDO�QHXUDO�QHWZRUNV��$11��DSSHDU�WR�EH�SURPLVLQJ��7KLV�SDUWLFXODUO\�UHODWHV�WR�
the demand for social robots to communicate naturally with human users and to in-
teract and move freely in our homes, etc. These features appear to call for a machine 
OHDUQLQJ�DSSURDFK��JLYHQ�WKDW�´>L@Q�JHQHUDO��V\PEROLF�UHDVRQLQJ�LV�PRUH�DSSURSULDWH�
for problems that require abstract reasoning, while machine learning is better for 
situations that require sensory perception or extracting patterns from noisy data” 
�.DSODQ�������������6LPLODU�WR�KXPDQ�EHLQJV��WKH�$11�DSSURDFK�LV�EDVHG�RQ�HPHUJHQW�
intelligent behaviour rather than preprogrammed sets of intelligently appearing 
EHKDYLRXUV��,Q�WKH�$11�DSSURDFK��DUWLÀFLDO�QHXURQV�DUH�UHSUHVHQWHG�E\�WKH�LQGLYLG-
ual processors in a network, which do not possess any intelligence per se. Rather, 
the synaptic connections are represented by the messages the processors exchange 
�´UHDO�QXPEHUVµ���DQG�´>G@DWD�SURSDJDWHG�WKURXJK�WKH�QHWZRUN�SURGXFH�D�SDWWHUQ�RI�
DFWLYDWLRQV�LQ�WKH�LQWHUFRQQHFWHG�DUWLÀFLDO�QHXURQV�WKDW�HYHQWXDOO\�UHVXOW� LQ�VRPH�
RXWSXWµ��*XQNHO��������SS����������7KURXJK�¶OHDUQLQJ·��WKH�QHWZRUN�WKHQ�LV�´SURJUHV-
VLYHO\�DGMXVWLQJ�WKH�ZHLJKWHG�FRQQHFWLRQVµ�LQ�WKH�QHWZRUN�DQG�WKH�´V\VWHP�FDQ�EH�
DGMXVWHG�RU�¶WXQHG·�WR�H[KLELW�GLIIHUHQW�NLQGV�RI�RXWSXW�EHKDYLRUµ��*XQNHO��������S��
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�����$11�DSSURDFKHV�DUH�DOVR�FDOOHG�GHHS�OHDUQLQJ�DQG�DUH�FXUUHQWO\�ZLGHO\�GLVFXVVHG�
in both academia and news media, often lacking expertise and precision, at least in 
WKH�ODWWHU�GRPDLQ��7KLV�FDOOV��WRR��IRU�PRUH�UHVHDUFK�LQ�WKH�ÀHOG��DOVR�FRPLQJ�IURP�
communication researchers, critically addressing these approaches as well as their 
SXEOLF�SHUFHSWLRQV��=HOOHU��:ROOLQJ��	�3RUWHQ�&KHH��������=HOOHU��������

Whereas machine learning approaches in general are said to be promising for fu-
WXUH�LPSURYHPHQWV�LQ�+5,��RQH�KDV�WR�QRWH�WKDW�ZLWK�WKH�EHJLQQLQJV�RI�WKH�VFLHQWLÀF�
ÀHOG�RI�$,�LQ�WKH�����V��LW�ZDV�SUHGLFWHG�WKDW�ZLWKLQ�D�GHFDGH�ZH�ZRXOG�KDYH�VWURQJ�
$,��WKDW�LV�LQWHOOLJHQW�DUWLÀFLDO�V\VWHPV��+RZHYHU��DV�%DUWQHFN�HW�DO���������VWDWH��´KDOI�
D�FHQWXU\�ODWHU��$,�VWLOO�VWUXJJOHV�ZLWK�XQGHUVWDQGLQJ�KXPDQ�VHQWHQFHVµ��S��������$QG�
although the impression might be supported by means of news media reporting that 
deep learning and ANN are new developments, their origins also go back to the 1950s. 
Furthermore, when comparing studies in HRI regarding human acceptance and in-
WHUDFWLRQ�SUHIHUHQFHV�ZLWK�VRFLDO�URERWV��WKHUH�LV�D�´ODFN�RI�FRPSDUDELOLW\�DQG�JHQ-
HUDOL]DELOLW\µ��ZKLFK�FDQ�EH�DWWULEXWHG�WR�WKH�´SOHWKRUD�RI�URERWLF�DSSHDUDQFHV�DQG�
LQWHUDFWLRQ�FRQFHSWVµ��2QQDVFK�	�5RHVOHU���������7KLV��FRQVHTXHQWO\��UHVXOWV�LQ�WKH�
need for even more data that must to be collected, annotated and processed to be-
come training data for ML approaches. And referring back to the socio-economic im-
pact discussion above, even though social robots are said to develop increased market 
VKDUH�LQ�WKH�IXWXUH��0�OOHU���������WKHLU�PDUNHW�SHQHWUDWLRQ�LV�VWLOO�UHODWLYHO\�VPDOO�
compared to industrial robots. Thus, the question remains whether it would be prof-
LWDEOH�DQG�ZKHWKHU�IXQGLQJ�DJHQFLHV�DQG�LQGXVWU\�KDYH�VXIÀFLHQW�LQWHUHVW�WR�LQYHVW�
the funds needed to support vast data projects in AI social robotics.

4.3 'LVFLSOLQDU\�7UHQGV

We have seen a recent increase in the number of publications in HRI com-
ing from scholars in media and communication studies (see, for example, Fortunati, 
������)RUWXQDWL��(VSRVLWR��	�/XJDQR��������*X]PDQ������D��+DVVH�	�6¡QGHUJDDUG��������
6PLWK�	�=HOOHU��������������YDQ�GHU�:RHUGW�	�+DVHODJHU��������=HOOHU��������=HOOHU�HW�
DO���������=KDR���������:KHUHDV�WHFKQRORJ\�DV�D�PHGLXP�KDV�EHHQ�VWXGLHG�IURP�WKH�
VWDUW� LQ�RXU�ÀHOG��URERWV�per se have been more absent in the past. Moreover, the 
VWXG\�RI�FRPPXQLFDWLRQ�KDV�WUDGLWLRQDOO\�EHHQ�GHÀQHG�DURXQG�KXPDQ�LQWHUDFWLRQ��
$V�*X]PDQ������E��SRLQWV�RXW��´,Q�WH[WERRNV��FRPPXQLFDWLRQ�LV�SUHVHQWHG�ZLWKLQ�D�
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primarily, if not exclusively, human context, with models, theories, and examples 
focused on people’s interactions” (p. 2). The technologies discussed in this article, 
however, cannot be ‘reduced’ anymore to a medium only. Looking into the different 
kinds of AI-based algorithms that bring robots ‘to life’ shows that we are dealing 
with a technology in its own right, or rather an autonomous communication enti-
ty and partner to humans. Arguably, notwithstanding the actual ‘intelligence’ and 
autonomy level of any technology, in our popular media narratives (for example, 
,FKELDK��������0XUSK\���������DQG�WKXV�WR�D�FHUWDLQ�GHJUHH�DOVR�LQ�RXU�SUHFRQFHSWLRQV�
DURXQG�VRFLDO�URERWV��ZH�DOUHDG\�WHQG�WR�EHOLHYH�WKDW�WKH\�IXOÀOO�WKH�UROHV�RI�LQGH-
pendent entities and (synthetic) beings. Consequently, the study of communication 
(messages) and effects in HRI needs to take this preconception into account, given 
WKDW�LW�LQÁXHQFHV�RXU�FRPPXQLFDWLRQ�SDWWHUQV�DQG�VRFLDO�LQWHUDFWLRQV��7KLV�KDV�EHHQ�
done to a certain degree and underscored by the aforementioned new studies and 
their reception in the communication research community. A common skeptical re-
PDUN��KRZHYHU��LV�DURXQG�WKH�TXHVWLRQ�ZKHWKHU�+5,��RU�D�ÀHOG�UHODWHG�WR�LW��PHULWV�
WKH�GLVFLSOLQDU\�UHFRJQLWLRQ�DV�D�VXE�ÀHOG�LQ�FRPPXQLFDWLRQ�UHVHDUFK�

2QH�DGYDQWDJH�RI�KDYLQJ�D�IRFXVHG�VXE�ÀHOG�LQ��DV�*X]PDQ������E��VXJJHVWV��
Human-Machine Communication, is that it would enable a more focused ap-
proach for the many different communication researchers and their diverse dis-
ciplinary and methodological approaches.

Second, it is important to note the paradigm shift regarding social robots and 
their back-end algorithms. They evolved from the role of a communication me-
GLXP�RU�IDFLOLWDWRU�WR�DXWRQRPRXV�V\VWHPV��DQG�*X]PDQ������E��VWDWHV��´7KHVH�
technologies enable a qualitatively different type of interactivity than their pre-
decessors. To use the machine is to communicate ZLWK�LW��DQG�WKH�´LWµ�LV�PRUH�WKDQ�
D�WRRO�WR�XVHµ��S������LWDOLFV�LQ�WKH�RULJLQDO���)XUWKHUPRUH��´FRPPXQLFDWLRQ�ZLWK�
these technologies is often personalized. These technologies do not just talk, they 
talk ZLWK�XV. They know our name, can distinguish our voice, and learn our prefer-
ences. They enter into our social world as active participants through their design 
DQG�XVHµ��=KDR��������DV�FLWHG�LQ�*X]PDQ������E��S������LWDOLFV�LQ�WKH�RULJLQDO��
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5 Main Areas for Communication Research and Research Questions

This paper discussed the connection between algorithms, social robots and 
communication, by emphasizing the important and persisting role communica-
tion plays in HRI and its application to the front-end and the back-end dimen-
sions of social robots and algorithmic machines. This article also discussed multi-
ple potential research areas for communication researchers who are interested in 
social robotics and algorithms. The following section lists some concrete areas for 
researchers in communication sciences, focusing on algorithms and social robots 
as well as social robots in general.

5.1 Algorithms, Social Robots and Communication

&RPPXQLFDWLRQ�UHVHDUFKHUV�FDQ�HQULFK�WKH�+5,�ÀHOG�E\�SURYLGLQJ�WKH�QHF-
essary connection between the front-end interaction design and the back-end 
algorithms for successful human-robot communication. They can provide com-
munication models and theories that will show the different contexts of com-
municative interaction, and translate the main parameters into an HRI design. 
With a high-level understanding of the back-end algorithmic and technological 
design, communication researchers will be able to actively consult with the wider 
HRI community to make pragmatic decisions as to what features are necessary 
in each context for communicative interaction. Additionally, communication re-
searchers coming from the social sciences, thus having social interactions as one 
of their main research objectives, bring a broad set of theories, models and meth-
ods that can be adopted in HRI given the advanced nature of AI-based social ro-
ERWV��IRU�H[DPSOH��VHH��IRU�H[DPSOH��*XQNHO��������������3HQW]ROG�	�%LVFKRI��������
6DQGU\��������6XFKPDQ��������7DLSDOH�	�)RUWXQDWL��������=KDR��������=HOOHU��������

5.2 3XEOLF�3HUFHSWLRQV�DQG�'LVFRXUVHV�RI�6RFLDO�5RERWV

Content, framing, and discourse analyses are core instruments in communi-
cation research. Thus, a relevant research question is how media innovations such 
as social robots, AI, autonomous systems etc. are framed in public discourse (see, for 
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H[DPSOH��)ULW]��������əDEDQRYLĿ��������:ROEULQJ��������:ROOLQJ��:LOO��	�6FKXPDQQ��
������=HOOHU�HW�DO����������7KHVH�VWXGLHV�FDQ�SURYLGH�LPSRUWDQW�LQSXW�IRU�WKH�GHVLJQ�
of robots and HRI insofar as they can point out the main topics or concerns that 
need to be addressed. The fact that social robots are now often mixed with auton-
omous systems and AI can lead to increased or heightened levels of concern when 
it comes to forming trust in social robots. The public discourses mentioned in the 
beginning of this article show that, when it comes to robots, a whole range of con-
cerns has gained attention in recent years, including data privacy risks and surveil-
lance through robots, the danger of being replaced by robots in the workplace, or 
HWKLFDO�FRQVLGHUDWLRQV��VHH�6SHQFH��:HVWHUPDQ��	�/LQ��������:ROEULQJ���������$UJX-
ably, these points also underscore the need for communication researchers with 
expertise in knowledge translation and mobilization, and an important research 
question in these domains is ‘How can institutions, companies, etc. best communi-
cate about social robots, AI, algorithms, etc.?’ For the future design of humans and 
robots working collaboratively, for example, and social robots entering our homes, 
it is important to understand the factors that promote both respect and acceptance 
among users. Moreover, it is also crucial to collect feedback from the public regard-
ing needs, research interaction patterns, emotions, and preferences, and to also 
ORRN�LQWR�SRWHQWLDO�G\VIXQFWLRQDO�DVSHFWV�LQ�+5,��7DGGLFNHQ�	�5HLI���������.QRZO-
edge translation and mobilization aims to engage the public and to enter a fair 
discourse between researchers, developers, politicians and end-users (Haidegger 
HW�DO���������+RURZLW]��������6PLWK�	�=HOOHU��������:LONLQVRQ��%XOWLWXGH��	�'DZVRQ��
������=HOOHU�	�6PLWK���������&RPPXQLFDWLRQ�UHVHDUFKHUV�KDYH�WKH�LQVWUXPHQWV�DQG�
knowledge to mobilize these discourses and to analyze them.

Communication researchers are also equipped to provide a taxonomy or clas-
VLÀFDWLRQ� RI� FRQFHUQV�� KHOSLQJ� WR� GLVHQWDQJOH� WKH� PXOWLSOH� GLVFRXUVHV� DURXQG�
social robots, intelligent algorithms, autonomous systems and the threats com-
ing from each of these topics. Not all social robots (probably only a small propor-
tion) use machine-learning based algorithms and employ high-end AI techniques.   
1HYHUWKHOHVV��LW�LV�GLIÀFXOW�WR�GLIIHUHQWLDWH�WKH�GLIIHUHQW�OHYHOV�RI�DOJRULWKPV�DQG�WKHLU�
SRWHQWLDO� ¶KDUPV·�LQ�SXEOLF�GLVFRXUVH�DQG�SRSXODU�VFLHQWLÀF�FRPPXQLFDWLRQV��&RP-
munication researchers can use their wide repertoire of quantitative and qualitative 
instruments to provide an overview of the different voices, opinions and topics. Fur-
thermore, they could also follow-up with the important question as to how the public 
or different groups receive such messages, and what impact they have.
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5.3 &RPPXQLFDWLRQ�EHWZHHQ�+XPDQV�DQG�6RFLDO�5RERWV

Another important area of research is to analyze the conversations be-
WZHHQ�KXPDQV�DQG�VRFLDO�URERWV��2QH�RI�WKH�PRVW�SURPLQHQW�DSSURDFKHV�LV�WKH�
application of personality traits in HRI.11 These studies attempt to discover (a) 
ZKHWKHU�SHUVRQDOLW\�WUDLWV�LQ�KXPDQV�KDYH�DQ�LQÁXHQFH�RQ�HQJDJHPHQW�ZLWK�UR-
bots, and (b) which personality traits in robots have a positive impact on HRI. 
6DQWDPDULD� DQG�1DWKDQ�5REHUWV� �������SURYLGH�DQ�H[KDXVWLYH�RYHUYLHZ�RI� WKLV�
VSHFLÀF�DSSURDFK�DQG�WKHLU�ÀQGLQJ�LV�WKDW�VWXGLHV�UDUHO\�ORRN�DW�SHUVRQDOLW\�WUDLWV�
DQG�WKHLU� LQÁXHQFH�RQ�WKH�FRPPXQLFDWLRQ�DQG� LQWHUDFWLRQ�RQ�ERWK�VLGHV�²�KX-
mans and robots. Instead, they mostly focus on robots. Also, whereas most studies 
XVH�WKH�%LJ�)LYH�3HUVRQDOLW\�DSSURDFK��WKH�PDMRULW\�RI�WKHVH�IRFXV�H[FOXVLYHO\�RQ�
H[WUDYHUVLRQ�DQG�LQWURYHUVLRQ��6DQWDPDULD�	�1DWKDQ�5REHUWV��������

It is an open question whether humans address and interact with robots the 
VDPH�ZD\�WKH\�ZRXOG�FRPPXQLFDWH�DQG�LQWHUDFW�ZLWK�KXPDQV��2YHUDOO��WKH�SURE-
lem is that there is a lack of consistency of study designs and thus results. This prob-
OHP�KDV�EHHQ�SRLQWHG�RXW�E\�VHYHUDO�UHVHDUFKHUV��$FFRUGLQJ�WR�'DXWHQKDKQ���������
social robots tend to come in a broad variety of designs and are used in a multitude 
RI�GLIIHUHQW�FRQWH[WV��7KXV��LW�LV�GLIÀFXOW�WR�DFKLHYH�UHSOLFDEOH�DSSURDFKHV�WKDW�ZLOO�
also allow researchers to arrive at more consistent and representative study re-
sults. However, there is an increasing number of publications and studies that look 
DW�WKH�FRPPXQLFDWLRQ�SHUVSHFWLYH�LQ�+5,��%UDQGVWHWWHU�DQG�%DUWQHFN��������ORRN�DW�
WKH�TXHVWLRQ�ZKHWKHU�URERWV�KDYH�WKH�SRWHQWLDO�WR�LQÁXHQFH�RXU�ODQJXDJH�XVH��VLQFH�
we are often willing to adapt to a robot’s communication repertoire for the sake of a 
VXFFHVVIXO�LQWHUDFWLRQ��7KH\�IRXQG�WKDW�´URERWV�RZQHG�E\�KLJKO\�FRQQHFWHG�SHRSOH�
>SHRSOH�ZLWK�PRUH�VRFLDO�DWWDFKPHQW@�KDYH�OHVV�HIIHFW�RQ�WKH�G\QDPLFV�RI�ODQJXDJH�
WKDQ�URERWV�RZQHG�E\�OHVV�FRQQHFWHG�SHRSOH�>SHRSOH�ZLWK�OHVV�VRFLDO�DWWDFKPHQW@µ�
�S��������7KH�UHVXOWV�DUH�LQWHUHVWLQJ�JLYHQ�WKDW�PRVW�VWXGLHV�IRFXVLQJ�RQ�OH[LFDO�HQ-
trainment12�LQ�+5,��VHH��IRU�H[DPSOH��%HFNQHU�HW�DO���������%UDQGVWHWWHU�HW�DO���������
Iio et al., 2014, see also Tangiuchi et al., 2019) are restricted to small sample sizes 

11 Whereas personality traits and the Big-Five are often criticised elsewhere, in HRI 
they appear to dominate, as found out in a meta-study by Santamaria and Nathan-
5REHUWV���������6HH��IRU�H[DPSOH��0F&ROO�HW�DO���������IRU�VWXGLHV�WKDW�XVH�GLIIHUHQW�
approaches, such as affect and emotions.

12 Lexical entrainment describes the tendency of a person to change their language 
usage to adapt the language usage of the robot.
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and also often to bilateral interaction setups, i.e. one human and one robot. Brand-
VWHWWHU�DQG�%DUWQHFN���������RQ�WKH�RWKHU�KDQG��XVHG�VLPXODWLRQV�LQ�RUGHU�WR�H[SDQG�
the standard setup and include more humans and robots, adding the variable of 
JURXS�EHKDYLRU�LQÁXHQFH��7KXV��ZLWK�WKH�ULVH�RI�VWXGLHV�WKDW�XVH�DQG�RU�FRPELQH�
communication research, linguistic, and behavioral studies13, we can enhance sig-
QLÀFDQWO\�WKH�QXPEHU�RI�VWXGLHV�WKDW�DQVZHU�WR�LPSRUWDQW�VWDQGDUGV�LQ�WHUPV�RI�
reliability and validity. This will enable us to arrive at more holistic, potentially 
UHSUHVHQWDWLYH�FRQFOXVLRQV�DQG�LQVLJKWV�LQ�WKH�ÀHOG�RI�+5,�

6 Conclusion

Communication research – and neighboring disciplines such as linguistics 
or behavioral studies – can be seen as carrying an essential role in the research and 
development of social robots and/or algorithmic machines. Using the two terms 
²�VRFLDO�URERWV�DQG�DOJRULWKPLF�PDFKLQHV�²�LQ�IDFW�DOVR�UHÁHFWV�WKH�GLFKRWRP\�LQ�
+5,��ZKLFK�KDV�ORQJ�LQÁXHQFHG�LWV�UHVHDUFK�DLPV��RXWORRNV�DQG�DSSURDFKHV��¶6RFLDO�
robots’ basically stands for the ‘front-end’, which the user sees and (thinks) they 
are interacting with. ‘Algorithmic machine’ stands for the ‘back-end’, which is the 
hardware and software and something the user usually does not get to see. How-
ever, with the increasing critical discussions about robotics, AI, and algorithms, 
which are also the concern of communication researchers, the need and desire to 
understand more about the ‘back-end’ has been kindled in the user. Arguably, it 
has been mostly humanities and social sciences researchers that have started to 
critically discuss ethical and moral, but also legal, economical, and societal aspects 
of robotics, AI, and deep learning algorithms in the recent years (see, for example, 
'XEEHU��3DVTXDOH��	�'DV��������*XQNHO��������������/LQ��$EQH\��	�%HNH\���������,W�
is probably also because of those discussions that research funding agencies are 

13 I am mentioning linguistics and behavioral studies here, too, since communication 
UHVHDUFK�LQ�+5,�DQG�+&,�RIWHQ�WHQGV�WR�EH�PXOWL�GLVFLSOLQDU\��VHH�DOVR�*X]PDQ��
2018) and some of the examples mentioned also use approaches and concepts from 
linguistics and behavioral studies.
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starting to demand more interdisciplinary research and create new programs, 
which feature terms like ‘responsible AI’ in their mandate14.

*LYHQ�WKH�UDSLG�LQFUHDVH�RI�VRFLDO�URERWV�LQ�RXU�GDLO\�OLYHV�²�IURP�VHUYLFH�URERWV�
in stores or hotels to toy robots in our homes – communication research needs 
to expand the notion of ‘social interaction’ to algorithmic machines that act and 
are accepted as independent social actors in their own right. This does not negate 
the fact, of course, that there will always be robots, which will be perceived more 
like computers or other digital devices. Nevertheless, our communication and 
interaction sphere has changed and will be even more challenged in the near fu-
WXUH��VXFK�DV�RXU�QRWLRQ�RI�D�XQLÀHG�SXEOLF�VSKHUH�WKDW�QRZ�DSSHDUV�IUDJPHQWHG�
in the context of social media, for example. Similar to the development of new 
VXE�ÀHOGV� LQ� FRPPXQLFDWLRQ� UHVHDUFK�� VXFK� DV� FRPSXWDWLRQDO� FRPPXQLFDWLRQ�
sciences and computational social sciences to answer the new demands of social 
media research, it is also time for the institutional and educational introduction 
of human-machine communication or Human-Autonomous Systems-Interaction 
(HASI15). Institutional in the sense that important research venues such as in-
ternational conferences and associations should include sections that recognize 
social robots and intelligent systems in their own right. Educational means that 
we need the introduction of theories and applied methods for/into algorithmic 
machines into the communication research syllabus.

Dr. phil. habil. Frauke Zeller�LV�$VVRFLDWH�3URIHVVRU�DW�WKH�6FKRRO�RI�3URIHVVLRQDO�
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