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Abstract. In the era of social networking and computing, things and people are
more and more interconnected, giving rise to not only new opportunities but also
new challenges in designing new products that are networked, and services that
are adaptive to their human users and context aware in their physical and social
environments. A research vision on social things is needed, that addresses both
the technological and social aspects in design, and that requires a social approach
to the Internet of Things.
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1 Introduction

In the concept of Internet of Things, things start to communicate with other things,
forming an “Internet of Social Things”, allowing things to have their own social
networks, enabled by communication technologies that are both fixed and ad hoc, and
both wired and wireless. These “Internet of Social things” are further in connection with
their environments and users through sensors and actuators, communicating with the
social networks of humans, interacting in social networks with humans and other objects,
forming a “Social Internet of Things”. These two levels of social networks of things and
humans give rise to not only new opportunities but also new challenges in designing
new products (that are networked) and services (that are adaptive to their human users
and context aware in their physical and social environments). Therefore, the design
research to meet these new opportunities and challenges needs a social approach to the
Internet of Things, which brings our attention to a research area, namely “social things”,
that address both the technological and social aspects of the Internet of Things.

2 Social Things

2.1 Social Things for Data Driven and Service Centric Design

The merge of the social networks of people and the Internet of things leads to a shift
from product or system oriented design to service centric design. Systems, products and
the related services are more connected than ever. Products have become the terminals
of the services and systems have become the platforms to deliver the services. Social
computing started in late 1990’s and early 2000’s serving as platforms not only for
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sharing online content and conversation, but also for processing the content of social
interaction and feeding back into systems [1]. The difference is that the social interaction
and feedback are tied to things, sensors, and information intertwined in the social chan‐
nels. These channels create touch points between services and customers, and the feed‐
back from the customers to the services has become quicker, driven by a more flattened
and bottom-up social structure. Along with this development, products with embedded
connectivity and identification technologies have become part of the Internet of Things,
and with embedded sensing technology these products have been integrated into
people’s lives in a more adaptive and social manner, learning human activities and
behavior from the big data in the networks of both humans and things. Figure 1 shows
an in-flight entertainment system that collects not only the music preference of the
passenger, social recommendations of the music, but also the heart rate to detect the
stress level and to reduce it through adaptive music [2].

Fig. 1. Heart rate controlled music recommendation for low stress air travel [2]

With the facilitation of social things, service design can be carried out in an inter‐
active and sustainable process. In this process data and input can be collected social
interaction among the users; and the stakeholders and from the behavior of the users and
the products, analyzed and quickly or directly fed back to the process. The quicker this
feedback loop is, the more the design cost can be reduced. This research area needs to
investigate how to tightly combine and coordinate these computational, physical and
social elements to facilitate the service and the design process of it. Traditional new
product design and development methods become insufficient when dealing with the
shift towards service centric design, the power from the flattened and bottom-up social
structure, and the complexity of the social systems of humans and things. Adaptivity of
the intelligent systems and services has to be reinvestigated in the context of social things
and social innovation in a larger scale eco-system in which the social networks of people
and the Internet of things are intertwined.

2.2 Social Things for Social Innovation

The growth and development of distributed and pervasive computing, social networks
and mobile technologies have dramatically increased the complexity of the systems,
products and the related services, but also the complexity of the design itself. Social
things that merge the social networks of humans and the Internet of things, on the other
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hand, brings up new solutions against the complexity, towards social innovation, by
harvesting the collective intelligence from the social networks of humans, including the
designers, the users and the organizations, and the collective intelligence from the
Internet of Things, in order to realize greater value from the interaction between people
and things, which in turn, inventing innovative and hopefully also sustainable ways of
living. In this context, design has become a social activity – design is a result of social
innovation; design drives social innovation and leads social transformation.

In this context, the design research on social things aims at developing methods,
tools and techniques to support design as social innovation and design for social inno‐
vation. In the case of design as social innovation, the research should investigate how
social things can be used to support the collaborative design activities by the designers
as well as other stakeholders including the end users and to enable collective creativity
and intelligence in dealing with the complexity of the systems of today. In this case open
source hardware and software are good examples of today (Fig. 2), but more can be
expected to happen to other end user products and systems. In the case of design for
social innovation, the research shall investigate how to use social things for design to
trigger and support social innovation that leads to societal transformations, by intro‐
ducing design perspectives and design intervention in a social context. The penetrating
of social things to the society creates possibilities in creating collective awareness plat‐
forms for possible solutions that need collective efforts and shared knowledge, enabling
new forms of social innovation.

Fig. 2. Open data from internet of things, accessible using open source software tools

2.3 Social Things as “Simulation” Platforms for Design

The integration of the networks of humans and things gives the opportunity to bring
design much closer to the end users, to other stakeholders and to its social and situational
context, and vice versa. It sheds a promising amount of lights on improving the validation
process of design, as computational simulation has done to electrical and mechanical
engineering when computer was introduced to these disciplines.

Social things have their physical forms, but also can be easily captured and repre‐
sented in digital means. It enables them to be used for validating design in earlier phases
of the process. It is interesting to investigate how social things could be utilized as
“simulation” platforms for earlier concepts – in this case physical prototypes might still
be necessary but the situational context (people, other things and the environment) can
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be brought in or closer in order to quest the concept earlier (Fig. 3 shows a project in
which the early concepts of a physical clock was evaluated with potential users in a
virtual world [3]).

Fig. 3. Digital model of a physical clock is evaluated in a virtual world [3]

2.4 Social Things as a Competency and as a Tool in Design Education

New types of designers have to be equipped with systematic understanding and perspec‐
tives, be competent in utilizing the social things to harvest the creativity, the input and
the feedback through social interaction. The developments also bring up new opportu‐
nities in utilizing social things in facilitating the learning to make learning a more
effective and more enjoyable social experience. Figure 4 shows a set of open source
software, hardware and learning environment used in the design education at the depart‐
ment of industrial design, Eindhoven University of Technology.

Fig. 4. Open source software, hardware and learning environment in a design education [4]

The perspective and the ability of utilizing social things as an enabler in design should
be implemented in the design education. This research area should investigate how this
can be carried out in a self-driven learning process, and how to utilize the social things
and social computing technologies to facilitate this process.

2.5 Research Methods

Social things as a research topic is at the intersection of computational systems and social
behavior. This research should employ engineering and empirical research methodolo‐
gies, or a research-through-design approach, depending on the subject under investiga‐
tion.

Social things can be used to empower end-users, for example in the medical field,
where patients get faster and more accurate information about their personal health
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status, exchange experiences, and keep track of the performance of medical institutions.
The research question is how to design such social systems, and how to measure their
performance, which includes the perceived quality. The measurement instruments them‐
selves can be designed as social tools (on-line questionnaires, data logging with the
social things, network-oriented data visualization, distributed data mining, and crowd
wisdom).

Not only the end-users will change their way of working, also the design community
itself will change when adopting the power of social things and social computing. The
effect is already visible in the communities around Arduino, Processing, and DIY 3D
printers. Whereas most of the present-day tools are still traditional editors, compilers
and CAD tools, the next generation of tools will be designed as social tools. This asks
for a research-through-design approach: creating new tools, co-creating and sharing
them inside the design community, and evaluate their performance and perceived quality
with appropriately designed new tools. State-of-the-art engineering and design methods
should be deployed to bootstrap the design of these new tools.

3 Research Areas and Activities

With the above mentioned research vision, we have been involved in a number of
research projects in related areas. “Social things” as a research area is broad, as seen
from the examples to be introduced next. It is not our intention to give a complete
overview here, rather it is to demonstrate our effort in its two-fold focus on both tech‐
nological and social aspects.

3.1 Social Things to Connect the Digital and the Physical

Social things can be utilized to connect the digital and the physical, employing and
developing computational technologies such as distributed multimedia and interaction
for entertainment in ambient intelligent environments [5–7], semantic web for intero‐
perability of smart objects in intelligent environments [8–10], augmented and mixed
reality for installations in social and cultural computing [11–14], virtual reality for
serious games as learning or diagnostic tools [12, 15, 16] (Fig. 5 shows an augmented
home that integrates a digital game with the physical environment), tangible interfaces

Fig. 5. Augmented home: integrating a virtual world game in a physical environment [12]
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to digital systems [9, 17, 18]. All these research activates have been engaging sensing
and actuating technologies, or embedded technologies that integrate both for an inte‐
grated system that merges and blurs the digital and the physical.

3.2 Social Things for Health and Care

Sensors, actuators, smart objects and integrated systems have been utilized in several
projects in delivery simulators for medical training [19, 20], comfort and bonding in
perinatology research [21], reducing stress in long haul flights [2, 22], emotional care
for elderly with dementia [23, 24], social connectedness through unconscious and
peripheral data [25, 26] (Fig. 6), and relaxation with bio-feedback [27–29]. In recent
years, both the ageing society and the general needs of improving the quality of life and
well-being have lead policy makers in many countries to turn to individuals at home and
the social networks of the individuals, and to deliver the service over the networks, as
an important source of long-term health care, where social things and social computing
would play important roles.

Fig. 6. Social connectedness through unconscious and peripheral data [25, 26]

3.3 Social Things in Public Spaces

Social things are often situated in public spaces, enabling social interaction among
multiple users and systems, and the analysis of the social behavior based on the collected
data [30–33]. Several research carriers in our projects are interactive and participatory
public installations, either functional or artistic [11, 34–36]. These interactive installa‐
tions require gathering input, data and information using computer vision, mobile
devices, connected or embedded sensors from either the physical space or social
networks. For output, many of these installations using projection mapping to augment
the physical objects or spaces with a digital layer, being a good example for designing
systems that integrate the physical with the digital. These installations often aim at an
environment or connected spaces, being a very good research carrier for the Internet of
Things as situated and large scale objects, and for studying the group user behavior and
experience [37]. Figure 7 shows the installation designed for the city of Taicang, China.
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The installation is roughly 10 by 10 meters on its base and 8 meters high. On top of the
base are constructions that give the impressions of a large sail, and the moon rising from
the waves. Images, animations and videos can be projected onto the inner surface of sail
in the evenings, allowing the public to contribute their photos from social media to
induce the feeling of social connectedness [11, 35].

Fig. 7. Moon rising from sea [11, 35]

3.4 Social Things for Sustainability

Several projects have been carried out in the TU/e DESIS lab, part of the DESIS (Design
for Social Innovation and Sustainability) association, a “network of design labs, basked
in design schools and design oriented universities, actively involved in promoting and
supporting sustainable change”. Next to the research activities in designing for social
interaction in public spaces as already mentioned, activities are mostly educational with
student projects. Recently together with two Ph.D. students we started our research
activities in a social recipe recommendation system for food sustainability, with the help
of the Internet of Things (Fig. 8, mobile devices and intelligent trash bins) [38, 39].

Fig. 8. Intelligent trash bins for a social recipe recommendation system [38, 39]

Social Things: Design Research on Social Computing 85



4 Concluding Remarks

The research area “social things” focuses more on social computing as tools and plat‐
forms for design. The design context of social interaction, social innovation and service
centric design requires close cooperation with other expertise. It is expected to closely
collaborate on social interaction with colleagues from the user centered design and
research, on tangible and physical interaction as well as social innovation with collea‐
gues in interaction design and social design, and on the service centric design process
with the colleagues with a business perspective. The Internet of Things elements of this
research will not only generate data for data driven design, but also blend the analyzed
results into the physical forms in the created designs.

The research focus is more on designing social computing tools and platforms than
it is on developing the enabling technology itself, which requires collaboration with
computer science and electrical engineering.

It is also expected to contribute to key societal issues such as energy, health and
mobility. Possibilities in contributing to other areas shall be considered, for example the
environment and energy domain offers many opportunities for exploring crowdsourcing;
techniques and social intelligence in systems design; social networking can provide ad-
hoc yet real time information from the drivers and vehicles for a more efficient traffic,
or for a better experience on move.

References

1. Wang, F.-Y., Carley, K.M., Zeng, D., Mao, W.: Social computing: from social informatics
to social intelligence. IEEE Intell. Syst. 22(2), 79–83 (2007)

2. Liu, H., Hu, J., Rauterberg, M.: Follow your heart: heart rate controlled music
recommendation for low stress air travel. Interact. Stud. Soc. Behav. Commun. Biol. Artif.
Syst. 16(2), 303–339 (2015)

3. Xue, Y.: Magnetic clock: contextual information exchange, B22 Project report, Department
of Industrial Design, Eindhoven University of Technology (2009)

4. Alers, S., Hu, J.: AdMoVeo: a robotic platform for teaching creative programming to
designers. In: Chang, M., Kuo, R., Kinshuk, Chen, G.-D., Hirose, M. (eds.) Learning by
Playing. LNCS, vol. 5670, pp. 410–421. Springer, Heidelberg (2009)

5. Hu, J., Feijs, L.: Synchronizable objects in distributed multimedia applications. In: Pan, Z.,
Cheok, A.D., Müller, W., Zhang, X., Wong, K. (eds.) Transactions on Edutainment IV.
LNCS, vol. 6250, pp. 117–129. Springer, Heidelberg (2010)

6. Hu, J., Feijs, L.: IPML: structuring distributed multimedia presentations in ambient intelligent
environments. Int. J. Cogn. Inf. Nat. Intell. (IJCiNi) 3(2), 37–60 (2009)

7. Hu, J.: Design of a distributed architecture for enriching media experience in home theaters.
Ph.D. thesis, Department of Industrial Design, Eindhoven University of Technology,
Eindhoven (2006)

8. Hu, J., van der Vlist, B., Niezen, G., Willemsen, W., Willems, D., Feijs, L.: Designing the
internet of things for learning environmentally responsible behaviour. Interact. Learn.
Environ. 21(2), 211–226 (2013)

86 J. Hu



9. van der Vlist, B., Niezen, G., Rapp, S., Hu, J., Feijs, L.: Configuring and controlling ubiquitous
computing infrastructure with semantic connections: a tangible and an AR approach. Pers.
Ubiquitous Comput. 17(4), 783–799 (2013)

10. Niezen, G., van der Vlist, B., Hu, J., Feijs, L.: Using semantic transformers to enable
interoperability between media devices in a ubiquitous computing environment. In:
Rautiainen, M., et al. (eds.) GPC 2011. LNCS, vol. 7096, pp. 44–53. Springer, Heidelberg
(2012)

11. Hu, J., Funk, M., Zhang, Yu., Wang, F.: Designing interactive public art installations: new
material therefore new challenges. In: Pisan, Y., Sgouros, N.M., Marsh, T. (eds.) ICEC 2014.
LNCS, vol. 8770, pp. 199–206. Springer, Heidelberg (2014)

12. Offermans, S., Hu, J.: Augmenting a virtual world game in a physical environment. J. Man
Mach. Technol. 2(1), 54–62 (2013)

13. Hu, J., Bartneck, C., Salem, B., Rauterberg, M.: ALICE’s adventures in cultural computing.
Int. J. Arts. Technol. 1(1), 102–118 (2008)

14. Hu, J., Bartneck, C.: Culture matters - a study on presence in an interactive movie.
CyberPsychol. Behav. 11(5), 529–535 (2008)

15. Langereis, G., Hu, J., Gongsook, P., Rauterberg, M.: Perceptual and computational time
models in game design for time orientation in learning disabilities. In: Göbel, S., Müller, W.,
Urban, B., Wiemeyer, J. (eds.) GameDays 2012 and Edutainment 2012. LNCS, vol. 7516,
pp. 183–188. Springer, Heidelberg (2012)

16. Gongsook, P., Hu, J., Bellotti, F., Rauterberg, M.: A virtual reality based time simulator game
for children with ADHD. In: 2nd International Conference on Applied and Theoretical
Information Systems Research (ATISR), Taipei, Taiwan (2012)

17. Kwak, M., Niezen, G., van der Vlist, B., Hu, J., Feijs, L.: Tangible interfaces to digital
connections, centralized versus decentralized. In: Pan, Z., Cheok, A.D., Müller, W., Yang,
X. (eds.) Transactions on Edutainment V. LNCS, vol. 6530, pp. 132–146. Springer,
Heidelberg (2011)

18. van de Mortel, D., Hu, J.: ApartGame: a multiuser tabletop game platform for intensive public
use. In: Tangible Play Workshop, Intelligent User Interfaces Conference, Honolulu, Hawaii,
USA, pp. 49–52 (2007)

19. Hu, J., Peters, P., Delbressine, F., Feijs, L.: Distributed architecture for delivery simulators.
In: International Conference on e-Health Networking, Digital Ecosystems and Technologies
(EDT 2010), Shenzhen, pp. 109–112 (2010)

20. Hu, J., Feijs, L.: A distributed multi-agent architecture in simulation based medical training.
In: Chang, M., Kuo, R., Kinshuk, Chen, G.-D., Hirose, M. (eds.) Learning by Playing. LNCS,
vol. 5670, pp. 105–115. Springer, Heidelberg (2009)

21. Chen, W., Hu, J., Bouwstra, S., Oetomo, S.B., Feijs, L.: Sensor integration for perinatology
research. Int. J. Sens. Netw. 9(1), 38−49 (2011)

22. Liu, H., Hu, J., Rauterberg, M.: iHeartrate: a heart rate controlled in-flight music
recommendation system. In: Measuring Behavior, Eindhoven, The Netherlands, pp. 265–268
(2010)

23. Gu, J., Zhang, Y., Hu, J.: Design for elderly with dementia: light, sound and movement. In:
8th International Conference on Design and Semantics of Form and Movement (DeSForM
2013), Wuxi, China, pp. 152–158 (2013)

24. Gu, J., Zhang, Y., Hu, J.: Lighting and sound installation for elderly with dementia. In: 4th
International Conference on Culture and Computing-ICCC 2013, Kyoto, Japan, pp. 169–170
(2013)

Social Things: Design Research on Social Computing 87



25. Davis, K., Jun, H., Feijs, L., Owusu, E.: Social hue: a subtle awareness system for connecting
the elderly and their caregivers. In: 2015 IEEE International Conference on Pervasive
Computing and Communication Workshops (PerCom Workshops), pp. 178–183 (2015)

26. Davis, K., Owusu, E., Regazzoni, C., Marcenaro, L., Feijs, L., Hu, J.: Perception of
human activities: a means to support connectedness between the elderly and their
caregivers, pp. 194–199 (2015)

27. Yu, B., Hu, J., Feijs, L.: Design and evaluation of an ambient lighting interface of HRV
biofeedback system in home setting. In: Hervás, R., Lee, S., Nugent, C., Bravo, J. (eds.)
UCAmI 2014. LNCS, vol. 8867, pp. 88–91. Springer, Heidelberg (2014)

28. Holenderski, K., Hu, J.: Enriching reading experience with dramatic soundtracks. Adv.
Multimedia Technol. 2(1), 24–31 (2013)

29. Yu, B., Feijs, L., Funk, M., Hu, J.: Breathe with touch: a tactile interface for breathing
assistance system. In: Abascal, J., Barbosa, S., Fetter, M., Gross, T., Palanque, P., Winckler,
M. (eds.) INTERACT 2015. LNCS, vol. 9298, pp. 45–52. Springer, Heidelberg (2015)

30. Brenny, S., Hu, J.: Social connectedness and inclusion by digital augmentation in public
spaces. In: 8th International Conference on Design and Semantics of Form and Movement
(DeSForM 2013), Wuxi, China, pp. 108–118 (2013)

31. Funk, M., Hu, J., Rauterberg, M.: Socialize or perish: relating social behavior at a scientific
conference to publication citations. In: ASE International Conference on Social Informatics
(SocialInformatics 2012), Washington, DC, USA, pp. 113–120 (2012)

32. Wang, C., Hu, J., Terken, J.: “Liking” other drivers’ behavior while driving. In:
AutomotiveUI, Seattle, WA, USA, pp. 1–6 (2014)

33. Wang, C., Terken, J., Yu, B., Hu, J.: Reducing driving violations by receiving feedback from
other drivers. In: Adjunct Proceedings of the 7th International Conference on Automotive
User Interfaces and Interactive Vehicular Applications, Nottingham, United Kingdom,
pp. 62–67 (2015)

34. Hu, J., Le, D., Funk, M., Wang, F., Rauterberg, M.: Attractiveness of an interactive public
art installation. In: Streitz, N., Stephanidis, C. (eds.) DAPI 2013. LNCS, vol. 8028, pp. 430–
438. Springer, Heidelberg (2013)

35. Hu, J., Wang, F., Funk, M., Frens, J., Zhang, Y., van Boheemen, T., Zhang, C., Yuan, Q., Qu,
H., Rauterberg, M.: Participatory public media arts for social creativity. In: 4th International
Conference on Culture and Computing-ICCC 2013, Kyoto, Japan, pp. 179–180 (2013)

36. Wang, F., Hu, J., Funk, M.: Practice and experience evaluation of interactive digital public
art design. Zhuangshi 2015(269), 96–97 (2015)

37. Lin, X., Hu, J., Rauterberg, M.: Review on interaction design for social context in public
spaces. In: Rau, P. (ed.) CCD 2015. LNCS, vol. 9180, pp. 328–338. Springer, Heidelberg
(2015)

38. Lim, V., Yalvac, F., Funk, M., Hu, J., Rauterberg, M.: Can we reduce waste and waist together
through EUPHORIA? In: Third IEEE International Workshop on Social Implications of
Pervasive Computing (2014)

39. Yalvaç, F., Lim, V., Hu, J., Funk, M., Rauterberg, M.: Social recipe recommendation to reduce
food waste. In: CHI 2014 Extended Abstracts on Human Factors in Computing Systems, pp.
2431–2436 (2014)

88 J. Hu


	Social Things: Design Research on Social Computing
	Abstract
	1 Introduction
	2 Social Things
	2.1 Social Things for Data Driven and Service Centric Design
	2.2 Social Things for Social Innovation
	2.3 Social Things as “Simulation” Platforms for Design
	2.4 Social Things as a Competency and as a Tool in Design Education
	2.5 Research Methods

	3 Research Areas and Activities
	3.1 Social Things to Connect the Digital and the Physical
	3.2 Social Things for Health and Care
	3.3 Social Things in Public Spaces
	3.4 Social Things for Sustainability

	4 Concluding Remarks
	References


