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Abstract 
This paper discusses the potential insights of aggregated data and visualizations for decision-

making. Our thesis is that the data is there but not always complete nor used as well as it should 

be. We argue for a "system of insight," where data from various sources are analyzed using 

machine learning and artificial intelligence, identifying deeper correlations between data from 

multiple sources. Such correlations would give decision-makers richer insights and a better 

understanding of relevant factors. To illustrate our case, we apply data from Norwegian 

municipalities to illustrate the potential of a holistic approach to data 
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1. Introduction

eGovernment scholars have researched smart cities for almost a decade, and we have seen several 

exciting papers expanding the eGovernment knowledge base at conferences and in journals. There are 

many definitions of Smart Cities in the literature, ranging from general definitions to more 

comprehensive research and practical frameworks. For example, Giffinger [1] defines smart city as "a 

performing city built on the 'smart' combination of endowments and activities of self-decisive, 

independent, and aware citizens." Caragliu et al. [2] are a bit more concrete and mention the 

combination of human and social capital with technological development and the use of technology, 

while Dameri [3] defines smart cities in terms of elements (technology, citizens, land, and government), 

objectives, and boundaries and scope. Gil-Garcia et al. [4] present a framework showing how smart 

cities are made possible by combining technology and data, the physical environment, government, and 

society. Each of these dimensions is further operationalized. Most definitions seem to agree that smart 

city is a socio-technical phenomenon where we must examine technology in the context of objectives, 

physical conditions, human and organizational factors (etc.) 

Technology and data are common parts of smart city frameworks and definitions. Many papers are 

looking into data collection, analysis, big data, and machine learning methods (See, for example [5]–

[8]) and together these present us with a vast amount of research on effective data collection and 

analysis.  

There is a need for more research on how to combine this with contextual factors, even though 

definitions of the smart city mainly emphasize "data in context" as essential. There are studies on data 

science and economic development, but not many are related to overall well-being or sustainability 

goals [9]. In the introduction to a special issue on smart cities, Meijer, Gil-Garcia, and Bolivar [10] 

stress the point that context, governance models, and a focus on the public value of smart city projects 
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are essential to succeed. Based on this, we propose that there is a need for synthesis between research 

focusing on contextual issues and overall public value and research on the technical aspects of smart 

cities.  

Further, Smart cities often implicitly talk about big cities. When you google "smart city," you will 

find many results from cities such as Barcelona, Amsterdam, and London. Lopes and Oliveira [11] 

argue that smaller cities can also be smart. As there are a lot more small and medium-sized cities than 

large cities, and because Norway, where the data from this case is collected, is mainly made up of 

smaller cities, we also propose to 

examine how smaller cities can apply data from various sources to gain deeper and richer insight, 

facilitating decision-making in areas related to smart cities.   

This short paper examines how small and medium-sized smart cities can use data from various 

sources for insight and decision-making. We apply data from Norwegian municipalities as our case. 

Initial findings indicate that while large amounts of data are available, there is still a job regarding data 

governance and effective data utilization. We present preliminary findings based on interviews, 

participant observation, and documents. Our objective with this research is to create a framework for 

effective data science in smaller municipalities, addressing the smart city concept by linking data to 

context, governance structures, and public value. Here, we present our preliminary findings.   

2. Towards a system of insight using interconnected data

The European strategy for data [12] points out that the data economy can be worth more than 800 

billion euros in 2025 and defines the data economy as "value creation based on data as an important 

input factor in the production of goods and services, or when data is a driver for innovative solutions." 

The data strategy also emphasizes how data is essential for many public services and cities. Most 

importantly, the data strategy outlines a path toward a European single market for data, with common 

standards, regulations, and ethical guidelines, which could potentially be necessary for a more holistic 

approach toward data science in cities.  

Jackson & Lockwood [13] explore how organizations use (big) data for decision-making and 

emphasize the need to think about data insights as a system comprising various data sources, workflows, 

governance, ethics, and other contextual and organizational factors. Inspired by this, we propose a 

"system of insight" based on both structured and unstructured data as a starting point for municipal data 

strategy (Figure 1).  

Figure 1: System of insight for smart cities. Inspired by Jackson & Lockwood (2018) 
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2.1. System of records 

Records refer to all the formal records recorded digitally by the government, such as taxes, health, 

vehicle registries, property and land records, environmental records, etc. In Norway, most cities use the 

Kostra database [14], a set of indicators for all municipalities' responsibilities, such as kindergartens, 

schools, and health. Kostra has economic data and data on selected indicators such as case handling 

time, school dropout rates, waste handling, and more2. These systems of records typically consist of 

structured data stored in databases and accessed using various applications.  

2.2. System of open data 

Open data refers to government data that can be freely used, modified, and shared by anyone, for 

any purpose. Open data is typically structured, accessible in a machine-readable format, and accessed 

through various open data repositories [15]. These repositories consist of datasets with attached 

metadata and descriptions. In Norway, there are several open data repositories, which used to mean 

finding data was a challenge. With the introduction of the common data catalogue at data.norge.no, 

access to open data became easier, as the repository now links to most of the open data repositories in 

Norway. There are currently 1662 data sets and 192 APIs registered.  

In 2021, the government white paper "data as a resource" was published, emphasizing the value of 

data and laying out a strategy for better use of public data sets. (Norwegian ministry of local government 

and modernization, 2021). Here, the government outlines four principles for Norwegian open data:  

1. Data should be open as standard and screened/restricted only when needed.

2. Data should be available, searchable, linkable, complete, and easy to use.

3. Data should be shared and used to facilitate value-creation for private/public sector and society.

4. Data should be shared and used in such ways that fundamental rights and freedoms are

respected, and Norwegian societal values are preserved (trust and ethics).

2.3. System of engagement 

Engagement in this context refers to citizen engagement on policy and social levels relevant to the 

city, such as letters to the editor in local newspapers and activity in geographically based social media 

groups. In the eGovernment context, engagement is roughly equivalent to eParticipation [16]. 

Engagement can also come through other channels, such as sports and voluntary organizations, but 

input from these would typically come through other channels. We can tap into these systems of 

engagement using various data mining techniques [17]. However, access is becoming more restricted 

with Facebook closing access after the Cambridge Analytica case and Twitter recently having 

announced limitations [18]. Most municipalities, politicians, and voluntary organizations in Norway 

are active social media users. A report from the municipal coordinating organization KS showed that 

Norwegian municipalities were active social media users [19]. In addition, local newspapers remain a 

source of information and discussion for many citizens, and social and traditional media supplement 

each other [20].  

2.4. System of automation 

Automation refers to using the Internet of Things (IoT) devices, typically sensors, that collect data, 

connect, and exchange information via the Internet (Figure 2). According to Gartner, an estimated 20 

billion devices are connected to the Internet [21]. IoT involves various devices, from air quality sensors 

to airplane jet engines. From a smart city perspective, devices with sensors and actuators are especially 

relevant, as these can measure different variables and make things happen based on data input. For 

example, air quality sensors can sense that air quality is low due to particulate matter, send a signal to 

2 Full list of Kostra indicators, see: https://www.ssb.no/en/statbank/list/kostrahoved 



the traffic system and have digital speed signs lower the speed limit to decrease the amount of 

particulate matter being thrown around by spinning wheels, or have displays that inform citizens no one 

with a diesel engine is allowed within a specific area until the air clears.  

In Norway, we have several examples of IoT applied in a smart city context. Examples include the 

NTNU-led project on zero-emission neighborhoods, relying on IoT for data on emissions, transport 

patterns, and other data relevant to cutting emissions [22]. Stenstavold et al. [23] conducted a study 

across several Norwegian municipalities. They found that sensors for air, water, waste, transport, 

buildings management, and fire safety were among the most common applications of IoT. 

Figure 2: Illustration of IoT and how different devices connect to make things happen. Own illustration 

2.5. Connect the dots - sourcing and analyzing data from multiple sources 

We would argue that smart decision-making uses a systematic approach to data collection and 

applies logical decision-making techniques instead of using intuition, generalizing from experience, or 

trial and error. While there are many examples of open data, social media data, registry data, and IoT 

data being used in smart city contexts individually, i.e., Bilal et al. [7], there is less research into how 

we can create a system for combining these data sources and the potential value this could have for 

cities. For example, registry data from Kostra allows cities to compare how much they spend on 

healthcare or how schools are performing but provides little information about how or why. To answer 

that, we might need to supplement with other data sources such as social media and newspaper 

discussions on the quality and perceived satisfaction with municipal healthcare. Some systemic issues 

might need addressing if spending is high and satisfaction low. Open data could provide additional 

information. For example, 45 open data sets related to health, such as the location of institutions, could 

be combined with open data on environmental issues and air quality. Data from IoT sensors could also 

be of help. For example, tracking the movement of home care nurses and helping them find the optimal 

route between patients to save time. Tracking can also show the progress of removing snow after a 

snowfall or the location of garbage trucks when collecting garbage. The monitoring provides citizens 

with insights into the punctuality of service deliveries. 

The above is just one example of combining different data sources to offer additional insight. The 

point is that we have potential access to massive amounts of data, but these are rarely used in 

combination. If we apply a combination of machine learning, statistical techniques, and artificial 

intelligence, a good analytical engine could help us discover novel insights, which could then be 

presented to decision-makers using data visualization dashboards (Figure 3). The benefit of machine 



learning is that one or a few generic algorithms can be used to solve different problems. Clustering can 

help identify previously unknown relations, association rules algorithms can help us discover relations 

such as the example mentioned above, and data reduction techniques can be applied to large data sets 

to aggregate the information into more understandable chunks [5].   

Figure 3: Conceptual model for the system of insight 

Another aspect that could be added to the framework is assessment and evaluation. Patrão et al. [24] 

conducted a review of smart city evaluation frameworks and identified several frameworks which could 

be relevant to data-driven smart cities. They also summarized potential benefits for various stakeholder 

groups. Better and more detailed data would benefit both citizens, government, investors, and 

businesses.  

 There are many challenges and a lot of work remaining, which we will address in the conclusion. Still, 

first, we will present some examples from municipalities in our region in Norway in section 3.  

3. Example case - Municipalities in Vestfold and Telemark County

In our region in the south of Norway, we have eleven cities, with a population ranging from 13.000

to 102.000. The region is interconnected with people living and working across different cities, as 

distances are relatively small. It takes a little over an hour to drive from south to north in the region. 

Many isolated examples of potential data sources could be combined to create a holistic system of 

insight. We have interviewed, observed, or participated in several of these examples.  

Registry data: As mentioned above, all Norwegian municipalities rely on Kostra data when 

evaluating themselves or preparing the annual budget. The national property registry and tax data are 

other examples. There are also citizen surveys that provide feedback to the city regarding how satisfied 

citizens are with public services, although these are not conducted annually in all municipalities. 

Statistics Norway is responsible for Kostra and also has statistics for a lot of city-relevant indicators. 

Open data: There are many open data sets relevant to cities, business, nature, environment, transport, 

property, families and children, health, culture, labor, geographic data, and education. Several of these 

can provide valuable supplemental information, perhaps especially data on water, flooding, and energy 

from the water resources and energy directorate, geographic data from the mapping authority, and 

environmental data from the environment agency.  

Engagement data: Several mayors in the region's cities are active participants in social media, and 

all of them have local newspapers discussing politics and current affairs. There are also local Facebook 

groups where citizens meet and discuss everything from burglaries via dinner recipes to urban planning. 



IoT data: We have several examples of IoT data in the region, and this is where we have begun our 

data collection and where we have drawn our initial findings and thoughts about the model presented 

in Figure 3.  

There are several exciting initiatives in our cities, such as "Fjord city," a new district in the city of 

Drammen which can house 16.000 people when completed. Fjord city is planned and built with 

sustainability and the environment in mind, including IoT and sensing in traffic management and 

energy. The city of Horten is working on several IoT initiatives, the first being a project for monitoring 

water, stormwater, and sewage. Other examples on a more individual level include the "powerhouse" 

building, designed to produce more energy than it consumes and feed surplus energy back to the grid 

or directly to nearby buildings. The building has many sensors for optimizing energy use. There are 

also other examples in the region of solar panels combined with sensors, batteries, and neighboring 

businesses to optimize energy use. Our university is partnering up with the county council on an electric 

bike-sharing scheme, where GPS sensors could be used to track travel patterns. Here we could also 

include data from private micro-mobility scooter companies. For waste management, the "Magic 

factory" uses bio-waste from food and agriculture to produce biofuel used in regional public transport. 

The factory is an advanced and technology-heavy operation, working with several cities in the county 

and collaborating with schools in STEM education through its own learning center.  

4. Discussion and conclusion - future research directions

In this paper, we have presented the various categories of data that could provide input for decision-

makers in smart cities. We have also presented data sources, including IoT projects, used in our southern 

Norway region. Data is heavily applied in municipalities already, but few, if any, apply a holistic 

approach or include several data sources and machine learning for exploration and depth. Thus, we have 

proposed a model for a system of insight where a (big) data analytics lab could be set up to import data 

from registries, open data sets, engagement data, and IoT, apply various machine learning analyses, and 

present the results using data visualization techniques so that decision-makers have better access to 

richer data. The examples we present in section 3  

Of course, our proposed model is just a starting point, and there is a need for a lot more research and 

development, and we would appreciate input regarding this at the conference. For now, we see the 

following avenues for future research:  

• Stakeholder mapping and involvement. Who are the benefactors, contributors, and secondary

users, and how should they be involved in design and use?

• Mapping relevant areas where richer data would benefit the city and mapping potential data

sources for each area.

• Cost and project management. Setting up data labs can be expensive and consume a lot of

resources. Machine learning and AI is energy intensive. Thus, research is needed into how we

can lower energy consumption, sustainably use resources, and organize and manage such a

project. For small smart cities, collaboration is probably needed. Relevant evaluation frameworks

and evaluation of public value creation would likely be part of a socio-technical study of

organizational factors.

• Creating data and visualizations is one thing, but having decision-makers actually use the results

is another matter. The public sector already reports on an extensive range of indicators, and we

often hear public officials moan about the reporting needs. Thus, research is needed into

organizing and managing this and how we can better use the data. For example, strategies,

standards, and processes for effectively using data are exciting avenues for further research.

In conclusion, while there is a massive amount of research on smart cities, data use, and evaluation, 

there is still a need for a holistic approach to systematic data collection, analysis, and use in smart cities. 
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