
HAL Id: hal-03282774
https://inria.hal.science/hal-03282774

Submitted on 9 Jul 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Generating Value from Government Data Using AI: An
Exploratory Study

Yingying Gao, Marijn Janssen

To cite this version:
Yingying Gao, Marijn Janssen. Generating Value from Government Data Using AI: An Exploratory
Study. 19th International Conference on Electronic Government (EGOV), Aug 2020, Linköping,
Sweden. pp.319-331, �10.1007/978-3-030-57599-1_24�. �hal-03282774�

https://inria.hal.science/hal-03282774
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


Generating value from government data using AI: An 
exploratory study 

Yingying Gao12[0000-0001-9944-9059] and Marijn Janssen2[0000-0001-6211-8790] 

1 Huazhong University of Science and Technology 430074, China 
2 Delft University of Technology Jaffalaan 5 2628BX, The Netherlands 

Y.Gao-2@tudelft.nl 

Abstract. Open government data initiatives have gained popularity around the 
world. Artificial Intelligence (AI) has the potential to make better use of data. 
Combining the OGD and AI is crucial to generate more value from data. In this 
paper we investigate what kind of value was generated through AI and how. A 
context-input-process-output/outcome (CIPO) framework is developed to de-
scribe and compare three cases. The overview of cases shows the huge potential 
of AI, but it also suggests that AI is hardly used by the public to create value from 
open data. The objectives of the three cases are efficiency, innovation and crime 
prevention, whereas common open government objectives like transparency, ac-
countability and participation are given less attention. By using AI, the risks of 
data privacy and arriving at biased or wrong conclusions become more promi-
nent. With the rise of data collection from Internet of Things, complying with the 
5-stars of Berners-Lee becomes more important. We recommend policy makers 
to stimulate AI projects contributing to the open government goals and ensure 
that open data meet the 5-star requirements. 

Keywords: Open data, Open Government, Artificial intelligence, Internet of 
Things, Value creation, Smart cities 

1 Introduction 

Open government data (OGD) refers to publishing public sector data in open and reus-
able formats without restriction or charge for their use by society [1]. This movements 
have gained a great popularity across the world [2]. The public sectors generate and 
maintain a large amount of data [3], and its ability to collect data with application of 
low-cost devices enabled by Internet of Things (IoT), resulted in an explosion of digital 
data. Nevertheless, data is useless unless it is used to generate benefits from it [4]. Alt-
hough policy-makers and smart cities could use these data, it needs to be opened and 
shared with the public in order to be able achieved the full potential of OGD. 

Artificial Intelligence (AI) techniques have been extensively used to support the de-
cision making and problem solving in different industries for many years [5–7]. AI can 
create new insights from combined datasets. Furthermore, AI systems can acquire their 
intelligence by using data to understand how past problems were solved, and applying 
this learning for predictive purposes. With the advancement of open government data, 
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it becomes possible to combine AI technologies and OGD to obtain more value from 
data.  

Some articles focused on exploring the economic value of OGD [8, 9] and social, 
political value like transparency, innovation and so on [10, 11]. But the use of AI for 
OGD remains scarce. There are some examples of trying to employ AI processing open 
data. For example, Piscopo et al. (2017) concluded that the prediction model of com-
munity capacity using machine learning is more accurate than other models built using 
conventional statistics. Saltos and Cocea (2017) used the open crime data to test that 
decision trees can be used to reliably predict crime frequency. Kouziokas (2017) fore-
casted high crime risk transportation areas in urban environment by application of AI 
to test the most efficient algorithm and optimal model. Most of studies combined dif-
ferent datasets and suggested to give an in-depth investigation of AI especially the ap-
plication of AI in certain area such as public sector [15]. These studies are beneficial 
for us to understand how open government data could drive AI. However, most of these 
studies are conducted from a technical perspective and do not focus on understanding 
value creation from OGD based on AI.  

In this study, we investigated the following research question: what kind of value 
was generated through AI application and how? For this, we conducted an exploratory 
study on OGD innovation cases through AI. The whole process from collecting data to 
creating value are analyzed. AI technologies facilitate data analysis and specific value 
generated. 

2 Research approach 

To investigate the value created from OGD using AI, we employ comparative case 
study research. In such type of research, two or more cases are systematically compared 
through examination of a real-world phenomenon within its naturally occurring context 
[16]. In our work we follow the four steps suggested by Yin [17]. (1) identify specific 
research question to determine that it is appropriate to use comparative case study. (2) 
select cases and design the case study. (3) collect case data and analyze the case evi-
dence. (4) report case study. 

Firstly, our research aim is to investigate how and what kinds of value was generated 
through AI. The type of research questions most appropriate for case studies are “how” 
and “why” questions since they focus on the underlying process and the causal rela-
tionship [16]. Accordingly, we focus on the cases of using AI to explore how value is 
created form OGD using AI. For this we examine the whole process from collecting 
data to evaluate its impact. 

Secondly, we identified three cases. The cases should be in the public domain, em-
ploy AI and data should be available. We searched the European data portal for finding 
suitable cases. This portal covers more than 500 cases of OGD application or ideas from 
EU. Yet the number of cases employing AI is limited. Furthermore, we want to cover 
a diversity of AI applications, as for example there are several cases using chatbots. 
Finally, we selected three cases which reflect the three phases of AI application. In 
phase 1, AI could use structured data to automate simple and repetitive processes. In 
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phase 2, AI is able to adapt to and learn from changes in the automated process. In 
phase 3, AI provides new and innovative insights by being able to analyze and learn 
from previous actions [18]. The first selected case is the AI parking which is a German 
application using real-time traffic data to help people find the parking space. And the 
second case is a chatbot application in Singapore. The last case is the crime prevention 
through artificial intelligence employed by Kent Police in UK.  

For the third step, we construct a context-input-process-output/outcome framework 
in order to establish the logic of comparative study, which is discussed in detail in the 
next section. Finally, we analyze the cases according to the framework and report the 
results, which are presented in section 4. 

3 Towards a comparison framework 

This section presents a comparative framework for OGD innovation cases using AI. 
Firstly, we describe the context-input-process-output/outcome (CIPO) model. Subse-
quently, a series of elements are derived referring to the CIPO model in order to con-
struct the comparative framework of analyzing the AI-based innovation case. 

3.1 Context-Input-Process-Output/outcome (CIPO) Model 

Systems theory offers an important insight to the role of the information systems or 
technology in this sequence from data to information to knowledge. Systems thinking 
especially soft systems thinking provides us a way to conceptualize the social process 
in a particular context [19].Services or products like applications could be created by 
exploring OGD in which data is transferred into results. Any transformation process 
can be viewed as an input-output system [20].This system was then developed to input-
process-output model by other researchers and applied in project evaluation, team in-
novation management etc. [21, 22]. However, projects using government data or ap-
plied in public sector should be studied as a complex process because they are influ-
enced by socio-political and other context factor [23]. In addition, a difference between 
output and outcome is often made in which output is the immediate result and outcome 
the long-term impact [24]. In this work, we study both the short-term and long-term 
impact. Therefore, we used the context-input-process-output/outcome (CIPO) frame-
work to better understand the OGD innovation cases, which has been used in the past 
to analyze OGD policies [24]. 

3.2 Elements for Comparing Cases 

In this section, we derive the elements for comparing the OGD innovation cases from 
literature, related reports and websites. The findings are sorted by four parts following 
the CIPO model, namely project context, project input, process and the output/outcome 
(see in Table 1). 
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Table 1. CIPO Framework elements for comparing cases 

Framework Elements Explanation 
Project context Background Country, stakeholders’ overviews, who initiated 

the project, description of societal challenge and 
so on. 

Project objectives What aims the stakeholders want to achieve 
through the project 

Project input Type of data Analyzing what kind of data was used and eval-
uating the data quality according to the 5-star 
model developed by Berners Lee [25] 

Type of AI Specific AI technologies or algorithm 
Process Process The process steps taken to transform inputs into 

outputs. 
Output/Out-
come 

Output What type of application it generated, like an 
app, new insight into the situations etc. 

Outcome - type of 
value generated 

The positive effects were derived according to 
the benefits of open data [3, 4, 26] 

Risks and challenges The negative effects (like bias, discrimination) 
[3, 26, 27] 

Project context. The background describes the situation at hand, including the places, 
stakeholders and their contribution. The project objectives are referring the aims to be 
achieved through the projects. These projects may be set up to address multiple societal 
challenges. The OGD goals emphasized by different countries and different level of 
governments vary. So, it is necessary to investigate the context of the project to be able 
to evaluate the outcome. 

Project Input. It mainly refers to the data and technology input since high quality data 
is the fuel and technologies are core part driving the innovation process with AI. It 
focuses on what kind of data is required to enable successful AI application and how 
the data is provided (batch or real time, using a file or API). We then evaluate the qual-
ity of data open according to the 5-star open data model developed by Berners Lee as 
shown in Table 2 [25]. In addition, AI technology takes often like a black box and it is 
unknown what type of AI technologies is used to process data and how the data is ex-
plored. 

Table 2. The 5-star open data taken from Berners Lee [25] 

Star Explanation 
★ make your stuff available on the Web (whatever format) under 

an open license 
★★ make it available as structured data (e.g. excel instead of image 

scan of a table) 
★★★ make it available in a non-proprietary open format (e.g. CSV in-

stead of excel) 
★★★★ use URIs to denote things, so that people can point at your stuff 
★★★★★ link your data to other data to provide context 
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Process. The steps of process are analyzed about how datasets were combined, pro-
cessed and explored to create value. Data can be analyzed from multiple perspectives, 
resulting many useful applications. 

Output/Outcome. It comprehensively evaluates the immediate result and the long-
term outcome which includes the value and the risks & challenges. The value refers 
more to the benefits of the AI applications.  Although it is hard to identify what exactly 
values can gain from OGD because of different datasets and various application, some 
scholars tried to classify the benefits expected from leveraging open government data 
such as economic value and social value so on [4]. This classification provides us in-
sight to identify the value of these projects. 

4 Case analysis result 

In this section three cases from Germany, Singapore and UK using AI to explore gov-
ernment data are compared. The cases are diverse in background, objectives, data used, 
AI tools and result. 

Table 3. Overview of each element of three cases 

Frame-
work 

Ele-
ments 

Case 1-AI parking Case2-Chatbot Case3-Crime pre-
vention 

Project 
context 

Back-
ground 

Germany project 
launched by Bliq 
company in which 
it was challenging 
to find a parking 
solution without 
sensors 

Singapore project 
launched by The Gov-
ernment Technology 
Agency of Singapore 
in which citizens 
could not find an an-
swer to their questions 
easily 

UK project launched 
by Kent Police in 
which there were 
high levels of crime 
and people did not 
feel safe. 

Project 
objec-
tive 

Efficiency objec-
tive: Lower time to 
find parking place 
and reduce pollu-
tion through pre-
dicting the parking 
situation without 
installing sensors 
on a larger geo-
graphic scale 

1.Efficiency objec-
tive: improve service 
delivery and quickly 
answer questions. 
2.Social and political 
objectives: make citi-
zens’ lives better and 
improve the public 
satisfaction  

Efficiency objective: 
fulfill an ever-ex-
panding range of 
tasks for policies un-
der the situation of 
reducing expenditure 
 

Project 
Input 

Types 
of data 

1. Data content 
-Parking traffic 
data including 
parking locations 
etc. 
-Street-level im-
agery data about 

1. Data content 
-Unstructured Q &A 
and dialogue data 
-Service Catalog 
2. Data quality: ★  
Since most of Q&A 
and dialogue data is 
unstructured and need 

1. Data content 
-Structured current 
and historical crime 
data, including five 
data points for each 
incident. 
2. Data quality: ★ 
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parking occupancy 
over time 
2. Data quality ★ 
datasets include all 
kinds of formats 
like real time image 
data and the static 
parking location 
data. Only parking 
data uses open li-
cense. 

to be cleaned to be 
machine-readable 
data. The service cata-
log can be seen on the 
website, but not pub-
lished in a machine-
readable format.  

Crime data in Kent 
were available as an 
image. For privacy 
reason, not all the 
data points required 
by the prediction 
were published 
online. 

Type of 
AI used 

-Recurrent neural 
network 

-Natural Language 
Processing 
-Machine learning 

-Machine-learning 
prediction algorithm 
-Model--based on the 
causes of crime pat-
tern formation,  

Process Process 
steps 
from in-
put to 
output 

1. Combine data: 
aggregate parking 
traffic data of park-
ing locations in-
cluding street or 
dedicated parking 
lot to emulate vir-
tual sensors 
2. process data us-
ing AI: a deep 
learning model 
consisting of sev-
eral artificial neural 
networks that pro-
cess parking data  
3.Test the model 
and applied: 14-
month parking data 
collected with gov-
ernment validated 
the accuracy of the 
prediction model  

1. Combine data - col-
lect the Q&A between 
citizens and staffs in 
government and ser-
vice catalog data  
2. Process data using 
AI-The Natural Lan-
guage Processing is 
used to analyzed the 
questions and answers 
and service catalog 
data. At last the basic 
Q&A pairs are de-
rived. Supervised 
learning into which 
answers and data were 
fed 
3. Feedback: The 
chatbot learn from the 
dialogues with citi-
zens to increase its 
chat ability. 
 

1. Collect data -clar-
ify crime types  
2. Process-Use the 
patented algorithm 
developed by Predpol 
to predict where and 
when this kind of 
crime is most likely 
to occur, aiming to 
help precisely target a 
certain type of crime. 
3. Applied- The pre-
diction algorithm is 
constantly learning 
from crime reports in 
the city and according 
the prediction can 
change at any mo-
ment. 

Impact Output A new app called 
AIPARK or Bilq 
park was developed 
to provide parking 
recommendation 
for users 

A virtual assistant 
called Ask Jamie was 
implemented across 
70 government 
agency websites to 
provide answers and 
service entry. 

A software system 
was applied in Kent 
Police from 2013 t0 
2018 

Out-
comes 
of value 
gener-
ated 

1. Economic value- 
The creation of the 
new company Bilq 
adding value to the 
economy 

1. Social and political 
value- this application 
can improve the ser-
vice capacity and the 
citizen satisfaction on 
public sector.  

Social and Political 
value-create new in-
sights for police and 
improve the police 
service for citizens 
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2. Social value – AI 
parking is an inno-
vative service to 
decrease the 
searching time for 
parking consumed 
by end users 

2. Operational value- 
help call center agents 
to focus on resolving 
more complex citizen 
queries and optimize 
administrative pro-
cesses 

Risks 
and 
chal-
lenges 

1.Outdated data  
2. Concerns of pri-
vacy by using num-
ber plates 

Recommending 
wrong services 
 

1.Lack of transpar-
ency of predictive al-
gorithms  
2. Entrenching pre-
existing discrimina-
tion 
3.Concerns about 
data protection and 
privacy  

4.1 Project context   

There are many challenges faced by different stakeholders and their emphasized objec-
tives also differ. In the first case, its main aim to lower the searching time for parking 
through prediction using AI. Whereas the latter two cases which are launched by gov-
ernments, the main focus is on the social challenges like improving the service quality 
and decreasing the crime rate under the situation of reducing expenditure. 

4.2 Project input 

Type of data. In terms of data content, these three cases use traffic parking data, gov-
ernment Q & A data as well as the crime data separately. From view of data structure, 
unstructured text data is adopted in case 2 while structured data is collected in case 3 
because there are five data points for each crime incident to generate predictions. The 
data source in case 1 is a mix of the structured location information and the unstructured 
picture information. This analysis shows the innovative potential of OGD. 

In addition, we also evaluated the quality of data open. According to the 5-star model 
developed by Berners Lee, we give the three cases one star. Because in the case 1, part 
of data was shared with government. In the case 2, people might find question and 
answer and the service catalog on the Singapore government website, but the full Q&A 
data and the catalog data was not in an open and machine readable. In the case 3, the 
number and type of crime in Kent could be found in the website, but not all the data 
points needed by crime prediction are published due to data privacy. 

Type of AI technologies.  There are several technologies namely neural network, nat-
ural language processing and machine learning adopted by these three cases. But it can 
be seen that algorithm models are a combination of scene-based knowledge and tech-
nology. For example, when conducting crime prediction, experts in related fields to-
gether created specific machine learning algorithm models based on the knowledge of 
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criminal behavior. Similarly, in the application of parking and chatbots, developers 
construct various specific algorithm models for better applied in different fields. 

4.3 Project process 

We analyzed the process steps taken to transform input into outputs by looking at 
three steps. (1) Data collection. After collecting the original data, the necessary clear 
data points are extract from combined datasets. (2) Using AI to process data. Using AI 
technologies to construct models and process data. (3) Applied in the certain field. At 
last, the data exploration processes are turned into applications. 

4.4 Output/Outcome 

Output. Three cases yield three applications namely AIPARK, Ask Jamie, Predpol. 
The first two applications are still under development and improvement. But for Pred-
pol system, Kent Police decided to stop using it in 2018.  

Outcomes of generated value. Previous literature summarized a variety of benefits of 
open data including social, political, economic and so on [3, 4, 26]. We derived the 
values generated by these cases according to the literature. For case 1, the main value 
is about economy since this team earned the investment and built a company in Ger-
many. Moreover, the team also showed that this innovative service makes the time for 
searching to park three times shorter than the normal trip. For case 2, the chatbot im-
proves service delivery, especially saving citizens' time for simple information consul-
tation. The survey by government showed that 58% citizens considered it successful 
and 60% found the answers useful, which helped to improve the public satisfaction on 
government. On the operational level, it also saved the time of public servants and op-
timized the administrative process so that they focus on more complex tasks. In case 3, 
at four-month trial in Medway, street violence falls by 6%. It has a social and political 
value of improving the police service delivery. 

Risks and Challenges. In the first case, the main challenge is about the data update 
since the outdated data could give a wrong parking suggestion. This application could 
also be extended by applying number plates data. And it is a similar challenge about 
the recommendation accuracy in the second case. There are only about 60% users think 
it useful. For the prediction application in UK, there are several challenges. First issue 
people concern is lack of transparency of how predictive algorithms reach their deci-
sions. Another concern is the software entrenching pre-existing discrimination since 
the program had “learned” racism and bias. The last major risk is the data privacy. The 
principle of AI is that the more data an algorithm receives, the better it will become at 
its task. The more datasets mean less privacy generally. 
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5 Discussion  

The framework was found to be useful for understanding the cases as a high level. It 
helps to systematically analyze the cases and enable us to compare them in the same 
dimension, which provides a comprehensive picture of the OGD innovation using AI. 
However, each innovation is a complicated process that include much detail like data 
collection, data cleaning and so on. The framework cannot cover all the process. It fo-
cuses on the critical process in the innovation cases. In this section, we discuss the case 
analysis result according the framework. 

5.1 Context- Collaboration between government and private company 

Although these projects were launched by different stakeholders, the entire implemen-
tation process of the project was based on the cooperation between government and 
private companies. In the first case, the company conducted a data collection project in 
cooperation with the local municipality to validate the parking prediction model. In the 
second and third cases, the government provided data and then hired technology com-
panies to produce solutions. Therefore, private companies are an indispensable inter-
mediary to create more applications and value for society from OGD using AI [28]. 
Future research about combining AI and OGD can focus on strengthening cooperation 
between government and enterprises. 

5.2 Input- Improve the data quality and technology transparency 

 
Improve the data quality. These three applications still provide relatively useful pre-
dictions although the datasets are rated as 1 star. Indeed, there are some AI mechanisms 
that can deal with low data quality. But AI applications are highly dependent on the 
data quality (accuracy, completeness, availability, timeliness) [29]. Whereas persons 
can spot easily mistakes in data, AI is not able to spot such mistakes which might result 
easily in incorrect findings [30]. Evaluating the information quality before using them 
with AI technology is therefore important. Furthermore, if data was formatted comply 
with the 5-stars model suggested by Berners lee [18], then the use of OGD based on AI 
is relatively easy, as the data is structured and well-described and has a persistent URI 
to ensure a continuous stream of data. Furthermore, there is a need for semantic de-
scriptions of open data to explore the use of OGD. This is a condition for exploration 
of OGD to finding new insights and adds to representational information quality. 

Improve the transparency of AI technologies. There is a wide variety of AI tech-
niques and AI can be used to create various types of value. There seems to be no best 
AI techniques and which type of AI is used is dependent on the type of problem that is 
tackled. AI can be used to increase the efficiency (of parking) facilitate positive rela-
tionship with citizens (chatbots) and find anomalies (crime prevention). The use of AI 
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might have negative effects like strengthening the discrimination since little infor-
mation is given to understand how predictive algorithms reach their decisions, which 
need to be managed and clear accountabilities should be ensured. The need for guidance 
by a legal framework should be further explored. 

5.3 Output/Outcome- Create more value while effectively preventing 
risks 

Increase the users’ take-up rate. In order to sustainably achieve the value from these 
project, it is necessary to increase the users’ take-up rate[31]. No matter the AI parking 
or chatbots, they are still in the early stage of development. The number of users is 
limited. For the crime prediction software, Kent police has stop using it in 2018. So, 
developing the application is not the end. It is important to improve the service so that 
to increase the level of usage for sustainable value creation. 

Objectives Value. OGD initiatives often focus on transparency, accountability, inno-
vation for companies and participation [32]. In contrast, the objectives of the three cases 
were focused on efficiency, innovation and crime prevention. The objectives were often 
very specific and the value generated had limited contribution to the original OGD ob-
jectives. Also, some of AI projects were beneficial for governments instead of the pub-
lic. This could be due to selection bias, but also that the public have limited capabilities 
to make use of AI. We recommend to stimulate AI projects for obtaining these general 
objectives of OGD initiatives. 

The balance between privacy and utility. In the case of automatic parking, the appli-
cation might be easily extended with vehicle number plate recognition or in the third 
case the names of criminals might be identified which might violate the privacy. The 
more data is released and available, there is a need for data privacy preserving tech-
niques [33]. There is a tradeoff between privacy and utility of OGD publishing [33]. It 
might be a suggesting to release only the metadata including semantic descripting and 
only grant access once the purpose has become clear to avoid misuse. With the use of 
AI algorithm, the data collection and processing become less visible [34]. As such, 
mechanisms for dealing with the risks and AI-governance becomes more important. 

6 Conclusion and implication 

This study developed a framework for comparing OGD innovation cases using AI 
that consists of the critical elements related to an AI project. The framework was useful 
to describe and compare the AI cases and draw the attention to the main value creation 
elements. This framework can be used to analyzed other cases, also outside the OGD 
or AI domain, which helps government to improve the data provide and adjust the ob-
jective.  
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AI is an area that can be used to create more value from OGD. Surprisingly, different 
types of value are created using AI than often what is aimed for by OGD initiatives. 
The cases show the high potential, but also challenges which complicates attaining the 
value. The analysis of three cases shows that it is necessary to strengthen the collabo-
ration between the company and government since companies might have data and the 
capacity to process data using AI. In addition, the quality of the data is a key aspect for 
creating value using AI. This becomes more important as AI is less aware of the short-
comings in data, whereas data analyst can take this into account. Following the 5-stars 
model when opening data can simplify the use of AI.   

There is a wide variety of AI techniques that can be used to create various types of 
value like neural network, natural language processing and machine learning. But it is 
important to improve the algorithm transparency and accountability to assess if there is 
bias or discrimination. Furthermore, the objectives of the project and value created in 
three cases hardly contributed to the ideals of the open government movement like 
transparency, accountability, innovation and participation. This can be explained as the 
projects investigated are initiated by governments. As further recommendation for pol-
icy-makers, we suggest more experiments with AI for OGD focused on the OGD ob-
jectives to facilitate learning. 
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