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Abstract—The challenge of how cities can be designed and 

developed in an inclusive and sustainable direction is 

monumental. Smart city technologies currently offer the most 

promising solution for long-term sustainability. However, smart 

city projects have been criticised for ignoring diverse needs of 

the local population and increasing social divides A sustainable 

urban environment depends as much on creating an inclusive 

space that is safe, accessible and comfortable for a diverse group 

of citizens as it does on deploying “smart” technologies for 

energy efficiency or environmental protection. This is because 

citizens will be more likely to adopt technologies promoting 

sustainability if they are well-aligned with their lived needs and 

experiences. In this paper, we present the rationale behind an 

ongoing interdisciplinary research project that aims to address 

exactly the problem outlined above by using a participatory 

design approach. Focusing on a smart city test site in Sweden 

where sensors are currently being deployed to collect data on 

noise, particles, vehicle numbers and types (amongst other), the 

goal is to bring local residents and government representatives 

into dialogue with technical developers by adopting a “meet-in-

the-middle” approach. This paper comprises a brief 

presentation of early findings and a reflection on this approach.   

Keywords—smart city, IoT, participatory design, inclusivity, 

interdisciplinarity, Living Lab.  

I. INTRODUCTION 

The challenge of how cities can be designed and 
developed in an inclusive and sustainable direction is 
monumental. Smart city technologies currently offer the most 
promising solution for long-term sustainability. This solution 
involves integration of digital technologies into the urban 
environment to capture data about daily life. This approach 
can be deployed in brand-new smart cities or in the 
“smartification” of existing cities.  

In the smart cities model, the Internet of Things (IoT) is a key 
technical enabler as it allows sensors, software, and 
communication functionalities to cooperate with other 
connected devices. This makes it possible for sensors to 
provide data which will be used to act upon their environment, 
e.g. fitting trashcans with weight sensors allows collection to 
take place only when needed, reducing garbage truck trips 
which reduces traffic, pollution and personnel costs. 

Participatory sensing (PS) transforms the IoT into an Internet 
of People by allowing citizens to network and share sensor 
data from their personal smartphones [1]. PS has the potential 
to involve and engage local communities in collecting and 
sharing data about their environment with the goal of 
addressing relevant challenges (e.g. traffic emissions) whilst 
at the same time empowering community members to make 
informed decisions about their daily routines (e.g. route or 
mode of transport) [2]. To date, however, PSs have mostly 
failed due to limited contribution by users and little trust from 
involved stakeholders. Participation has been limited to 
specific user groups and, although techniques to ensure 
participation are well understood at the technical level, they 
do not match well in the real world [3]. 

This example of PS exemplifies one of the major stumbling 
blocks for the success of smart cities. Smart city projects are 
often premised on a technology-centric, top-down vision of 
the urban space. This approach uncritically reproduces 
assumptions about use(r)s, and gives more weight to technical 
innovation than lived realities of end users.  

Urban development scholars have long highlighted how 
assumptions about use(r)s become embedded in the cityscape 
as designers’ assumptions shape buildings and infrastructure 
[4]. For example, research has shown how poorly-lit streets or 
limited-use thoroughfares may cause women to fear being 
attacked in these spaces and thus limit their movement through 
urban space particularly after dark [5]. Smart cities risk falling 
into the same trap if designers and developers do not reflect 
on the assumptions about use(r)s built into the technologies 
[6]. This is an increasingly urgent problem due to the growing 
global popularity of smart city solutions, some of which have 
already had highly problematic consequences [7, 8]. In 
particular, smart city projects have been criticised for ignoring 
diverse needs of the local population and increasing social 
divides [9]. 

A sustainable urban environment depends as much on creating 
an inclusive space that is safe, accessible and comfortable for 
a diverse group of citizens as it does on deploying “smart” 
technologies for energy efficiency or environmental 
protection. This is because citizens will be more likely to 
adopt technologies promoting sustainability if they are well-
aligned with their lived needs and experiences. Project funded by FORMAS, Swedish Research Council for Sustainable 

Development. Project number 2019-01281.  



In this paper, we present the rationale behind an ongoing 
interdisciplinary research project that aims to address exactly 
the problem outlined above by using a participatory design 
approach. Focusing on a smart city test site in Sweden where 
sensors are currently being deployed to collect data on noise, 
particles, vehicle numbers and types (amongst other), the goal 
is to bring local residents and government representatives into 
dialogue with technical developers by adopting a “meet-in-
the-middle” approach [10], We follow this with a brief 
presentation of some early findings from the fieldwork and a 
reflection on the challenges of this approach. 

II. MATERIALS AND METHODS 

An IoT testbed is being deployed along the full length of 
Kungsgatan, Norrköping, Sweden, 2019 - 2021. The road is 
slightly over 1km in length, with an emergency services 
station located at one end and the police station at the other. It 
comprises a wide range of buildings, including university 
premises, housing, restaurants/cafes, stores. It is in an area 
where construction is taking place, so in addition to a busy 
flow of residents, students and businesses, there are also large 
vehicles delivering materials to building sites. Part of the road 
runs over a bridge with footpath. Close by there are elder care 
facilities, nurseries, schools, pubs and housing located so the 
area experiences a wide variety of users. 

In this project we use two complementary methods to explore 
the testbed and engage with its potential users. First, we 
engage in an in-depth, STS-inspired ethnographic process that 
asks: what assumptions do technical developers and other “top 
down” stakeholders have about what constitutes “useful” data 
to collect from a smart city test site? Second, we conduct a 
Living Lab (LL) participatory design process that works 
closely with a range of citizens to explore how their needs can 
be best served by the test site. By placing the findings from 
these two processes in dialogue with one another, we will  
raise awareness of local needs, elucidate the fit between 
design assumptions and real use, and empower local citizens 
to initiate data collection through the test site that addresses 
their own concerns. 

This paper focuses on the Living Lab aspect of the project. 

III. CURRENT STATUS 

As a first step towards setting up a Living Lab, we 
organized a pilot workshop in September 2019 to establish 
initial contact with local residents and businesses. Two 
researchers delivered printed invitations in person by visiting 
the shops along Kungsgatan. The invitations were also sent via 
email to the municipality, the elderly care coordinator, the 
local day-cares, and other educational organisations in 
Norrköping. A total of 11 people attended the workshop. 
Using pictures of Kungsgatan taken at different times and 
locations, we asked the participants to work in two groups to 
identify the positive and the negative things about Kungsgatan 
in its current state. We started with the positive round, did a 
feedback round and after a break we moved on to the negative 
one. The pictures worked well, with people annotating and 
adding comments using pens and sticky notes (Fig.1). Some 
of the more senior participants shared their reflections on how 
the street has changed —for example after the university 
moved in in the early 2000s— and their frustration with the 
poor traffic flow. Some even talked about how they actively 
avoid Kungsgatan now. In addition to positive aspects of the 
street, poor lighting, building work-related pavement 
problems, and low air-quality in some spots were among the 

issues that the participants expressed, suggesting preliminary 
cues on the type of sensors to use and places to deploy them. 

 

Fig 1: September workshop: participants working on annotating the pictures   

Following our pilot study, we planned a second workshop to 
take place in Spring 2020 that would launch the Living Lab. 
The original purpose of this citizen workshop was twofold: To 
shift gears from exploring current Kungsgatan to envisioning 
future Kungsgatan (Fig. 2), and to recruit participants for the 
Living Lab process in Fall 2020. For the workshop, we had 
initially planned a physical gathering, offering different co-
design activities where diverse stakeholders would collaborate 
closely with each other to explore alternative futures. 
However, we had to postpone this workshop because of 
COVID-19 restrictions. This situation encouraged us to attain 
our goals through alternative, COVID 19-restriction-
compliant means. In this direction, we considered cultural 
probes as a suitable qualitative method as it is a future-oriented 
approach. In a nutshell, a cultural probe is a package of items 
purposefully arranged around a few tasks to engage people 
with a topic or theme, with the goal of eliciting their needs and 
wishes [11]. It is a package that researchers deliver to 
participants, provide some instructions, and ask them to return 
it once they have gone through the items. An advantageous 
aspect of cultural probes is that they offer approachable and 
inclusive activities: on the one hand, they allow researchers to 
include physical items that participants can engage with; on 
the other, they contain non-digital, familiar objects that some 
participants might find more accessible. 

We designed a cultural probe that comprised two slightly 
different packages, with an emphasis on playful creativity and 
co-located collaboration that is similar in spirit to the expected 
work in Living Lab. In this sense, the probes themselves also 
became an invitation and a warm-up for the kick-off 
workshop. The common item in both packages was a packet 
of coffee as the cultural probe was based on the idea of using 
coffee fortune-telling —a traditional way of speculating on 
possible futures through free interpretation of non-figurative 
images in the bottom of the cup— to offer participants a 
collaborative medium to explore alternative futures in a 
playful and informal way [12]. In terms of tasks, one package 
contained an empty interview card with a future Norrköping 
resident to be filled in through an imaginary conversation 
while the other a partial map of Kungsgatan to complete with 
drawings reflecting the imagined future urban space (Fig 3: 
packages with included materials). The packages —providing 
the necessary instructions in both Swedish and English— 
asked participants to make coffee, enjoy it with their loved 
ones, and use the visual material in the cup as a source of 
inspiration to do the probe tasks. We delivered these packages 
both via post and in person visits along Kungsgatan to 50 
people during June 2020. We are currently in the phase of 
collecting the packages —so far 8 people returned the 



packages with completed tasks— and inviting participants to 
the citizen workshop that is planned to take place in 
September 2020. Our plan is to use the task materials returned 
by the participants as raw material in the workshop to initiate 
discussions and conduct co-design activities around their 
visions on Kungsgatan. 

 

 

Fig 2: A sketch made by one of the researchers depicting an alternative future 
of Kungsgatan, inspired by the conversations with citizens as well as the 
project team in the exploratory phase. 

 

 

 

Fig 3: Cultural probes in the making: partial Kungsgatan maps as task 
materials, envelopes, and instructional documents bearing the project logo. 

 

In parallel with these efforts to attract participants, the sensor 
boxes that will be located on Kungsgatan are being developed. 
These sensor boxes will enable the desired IoT concepts, 
which are expected to emerge during the citizen workshop as 
well as the Living Lab through close collaboration between 
diverse stakeholders, and based on data collection strategies 
driven by citizens’ needs and concerns. Within the project 
team different kinds of sensors have been discussed, as well 
as the location of the boxes. Here practical aspects have been 
highlighted, such as power sources for the boxes. Due to 
limited access to power sources on this road, the boxes must 
be placed where access can be negotiated, rather than where 
participants would ideally like the sensing to take place. 
Supplies for the construction of the full set of sensor boxes 
have also been delayed by COVID-19. 

IV. INTERIM REFLECTIONS 

Taking careful account of the diversity of human needs has 
the benefit not only of making urban spaces comfortable and 
safe for more people, but also of improving chances of new 

technologies being adopted by the whole community. This is 
easier said than done, however. 

We chose the overall approach for our project based on a 
number of principled arguments drawing on established 
knowledge from the fields of participatory design and 
sociotechnical interventions: 

• Public spaces are contested territories where the 
interests of many constituencies intersect. Smart city 
technologies represent interventions in such public 
spaces. Developers of smart city technologies benefit 
from learning about the perspectives of citizens and 
other stakeholder groups, just as citizens and other 
stakeholder groups benefit from learning about the 
properties and potentials of smart city technologies 
[13].  

• In general, long-term adoption and appropriation of 
new technology in a sociotechnical setting is more 
likely if the stakeholders of the setting are actively 
involved in the development of the new technology 
[14]. 

• The intervention of developing new technology for a 
sociotechnical setting is more like an ongoing 
process of transformation than a limited project with 
requirement elicitation, implementation and 
deployment [15]. 

At the current early stage of our work, we see no reason as yet 
to question the principled arguments for the approach we have 
chosen. We still expect to reach a fair level of understanding 
on how smart city technologies can be made useful and 
meaningful for diverse groups of stakeholders around 
Kungsgatan, Norrköping. But we already have a number of 
tentative observations that may be of value for other 
researchers, designers and developers facing similar 
challenges and opportunities. 

Recruiting participants for the Living Lab is a demanding, 
costly and highly unpredictable process. We find that it is best 
viewed as a process of mutual satisficing. Project owners aim 
to put together a task force representing the diverse 
stakeholders involved in the sociotechnical setting as well as 
possible within the limits of project time and resources. It is 
important that the recruitment methods convey a good sense 
of the nature of the work to be done in the Living Lab, in order 
to set realistic expectations. Participants, on the other hand, 
aim to be able to make a difference and make their efforts 
count. Their time for voluntary engagement is limited, of 
course, and they need to use it wisely. 

A fundamental tenet of participatory design is co-
determination: the participants have real agency in return for 
their investment of time and engagement. This implies that the 
project owners – in our case, the researchers – need to hand 
over (some of) the authority and instead focus on the 
opportunities to learn about the setting and the stakeholder 
perspectives.  

Doing research through design implies an open and 
explorative process, where the shape and form of the final 
outcomes are determined during the research itself (as 
opposed to being specified at the outset). This is a challenge 
for the established research infrastructure, in terms of project 
management models as well as funding schemes.  

 



REFERENCES 

 
[1] M. Conti, A. Passarella, and S. K. Das, “The Internet of People (IoP): 

A new wave in pervasive mobile computing,” Pervasive and Mobile 
Computing, vol. 41, pp. 1-27, October 2017. 

[2] J. Burke, et al., “Participatory Sensing,” proc. WSW’06 at ACM 
SenSys, 2006.  

[3] L. Gao, F. Hou and J. Huang, "Providing long-term participation 
incentive in participatory sensing," 2015 IEEE Conference on 
Computer Communications (INFOCOM), Kowloon, 2015, pp. 2803-
2811 

[4] C. Greed, “Overcoming the Factors Inhibiting the Mainstreaming of 
Gender into Spatial Planning Policy in the United Kingdom,” Urban 
Studies, vol. 42, pp.719-749, 2005. 

[5] J. Darke, S. Ledwith, R. Woods, and J. Campling (eds.) Women and 
the City: Visibility and Voice in Urban Space. Palgrave, 2000. 

[6] V. Eubanks. Automating Inequality: How High-Tech Tools Profile, 
Police, and Punish the Poor. London: St. Martins Press, 2018 

[7] S. Ravindran. Is India's 100 smart cities project a recipe for social 
apartheid? The Guardian, 2015,  
https://www.theguardian.com/cities/2015/may/07/india-100-smart-
cities-project-socialapartheid  

[8] S. Kumar. Indians promised benefits of 100 smart cities, but the poor 
are sidelined again, The Conversation, 2018 
https://theconversation.com/indians-promised-benefits-of-100-
smartcities-but-the-poor-are-sidelined-again-107787 

[9] H. March and R. Ribera-Fumaz, “Smart contradictions: The politics of 
making Barcelona a Self-sufficient city,” European Urban and 
Regional Studies, vol.23, pp. 816-830, 2016.  

[10] M. Shepard and A. Simeti. “What’s So Smart About the Smart 
Citizen?”. In D. Hemment et al, Smart Citizens (Vol. 4), 
FutureEverything Publications, pp. 13-18, 2013  

[11] B. Gaver, T. Dunne, and E. Pacenti. “Design: Cultural probes,” 
Interactions, vol. 6, pp. 21–29, Jan. 1999. 

[12] C. Ryan, et al.”Virtual city experimentation: A critical role for design 
visioning.” In J. Evans, A. Karvonen, R. Raven (Eds.), The 
Experimental City, Routledge, 2016.  

[13] P. Ehn. Work-Oriented Design of Computer Artifacts. Stockholm: 
Arbetslivscentrum, 1988. 

[14] T. Mamello, et al. “Critical participatory design: reflections on 
engagement and empowerment in a case of a community based 
organization.” In Proc. of the 15th Participatory Design Conference. 
ACM, Jun. 2018. 

[15] E. Björgvinsson, P. Ehn, and P. Hillgren. “Participatory design and 
"democratizing innovation".” In Proc. of the 11th Biennial 
Participatory Design Conference. ACM, Nov. 2010.  

 


	Sustainability means inclusivity
	FULLTEXT01 (2)

