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ABSTRACT

Open government data initiatives have been rising quickly in re-
cent times. They are encouraged by a wish to democratize data
access and knowledge production and enhance cities socially and
economically. The hardship of interpreting data can be considered
an obstacle to using open government data and more prominent
citizen engagement. Technology is crucial to enhance data inter-
pretability and the practical construction of an open government.
Nevertheless, the literature needed an instrument to support open
government data’s interpretability. In this work, our primary goal
is to present the definition, implementation, and evaluation of a
framework named Hippolyta, which is qualified to help citizens
to interpret open government data. Hippolyta first identifies the
citizen’s necessities using a semantic enrichment module. After
this step, the framework conducts the data collection through the
same data retrieval module. Finally, Hippolyta creates a graphic
visualization through a data visualization module. This study is rel-
evant since it furnishes comprehensive insights into what the open
data interpretability concept is composed of and which framework
modules can sustain open data interpretation.
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1 INTRODUCTION

The global open government data movement has evolved signifi-
cantly in the last decade, and it has been embraced by governments
worldwide with varying degrees of enthusiasm [22]. Government
is a source of very particular types of data. While the future of open
data may be an expanding and changing one, at its core will remain
the importance of governments as a source of quality, accessible,
and reusable data that can drive objectives of transparency and
accountability, stimulate innovation and increase citizen engage-
ment [22]. However, open government data still need to enhance
citizen interaction and engagement [29]. Open data portals often
maintain valuable data with the potential to impact the citizen di-
rectly. The correct interpretation of the available datasets is crucial
in empowering all citizens [29].

The difficulty of interpreting data can be considered a social
barrier to using open government data and greater citizen engage-
ment [30]. Moreover, the capacity to interpret open data is essential
to exploring and understanding the actual value of data [14]. How-
ever, in previous works, we found that OGDPs still need to support
the user in interpreting the available data, even an audience with
extensive data science skills [4]. Also, we point out that currently,
OGDPs need to implement more computational tools to efficiently
support citizens in interpreting the available data [4]. Computa-
tional tools are essential to enhance data interpretability and the
practical construction of an open government [4].

In this work, our main objective is to propose the definition,
implementation, and evaluation of a framework named Hippolyta,
which is capable of helping citizens to interpret open government
data. We can define data interpretability as the capability of an
accurate, complete, consistent, coherent, and organized dataset to
convey significance to the user, stimulating the formation of his
knowledge and engagement, from a simple and clear language [4] .
Applying strategies and tools to identify, manage and disseminate
data becomes fundamental for data interpretation [15]. Organiza-
tions or portals that provide datasets with low representational
quality — such as lack of metadata and inconsistent formats — have
more incredible difficulty in facing the interpretation deficit [14].
Some actions help to reduce the interpretation deficit, such as: (i)
standardizing data, using metadata and accessible formats; (ii) us-
ing semantic analysis and sentiment analysis techniques, and (iii)
using data visualization techniques in order to facilitate the agile
understanding of insights, such as trends and relationships between
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datasets [14]. Furthermore, we can consider Hippolyta as a sugges-
tion for changing some steps of the standard data manipulation
process.

This study is societally relevant since open government data
can potentially lead to the generation of societal, economic, and
operational value (e.g., see [3] and [17]). The difficulty to interpret
open government data well is an essential barrier in the process of
value creation with open government data. This study addresses the
interpretability barrier and its outcome provides insights that can
potentially make open data use easier for citizens. Moreover, this
study is scientifically relevant since it provides in-depth insights
into what the open data interpretability concept is composed of
and which framework modules can support open data interpreta-
tion. By doing this, it contributes to the few studies on open data
interpretability research [e.g., [4] and unravels the dimensions of
open data interpretability.

This work is organized as follows:

2 BACKGROUND
2.1 Data Interpretability

Citizens need to be able to correctly interpret the available data
to participate more actively in democratic processes [24]. OGD
programs aim to contribute to public transparency. Consequently,
governments openly share their data with the public so that citi-
zens can hold the government accountable and better understand
how the government acts. In order to attain the objectives of trans-
parency and accountability, governments generally assume that
citizens can interpret their data. However, there still needed to be a
formal definition in the literature about data interpretability. In this
previous work [4] we formally conceptualize data interpretability
as the capability of an accurate, complete, consistent, coherent, and
organized dataset to convey significance to the user, stimulating the
formation of his knowledge and his engagement, from a simple and
clear language [4]. Also, we grouped some characteristics that help
us to constitute the concept of data interpretability, considering the
context of OGDPs [4].

G1 Understandability, simplicity, clarity and readability
: This set of characteristics is related to the method of data
presentation, necessary to maintain the user’s interest in
consuming the data.

Reliability and traceability: This set of characteristics is
related to the possible disbelief of users about the data pre-
sented, being a minimum condition for use but not essential
to the interpretation.

Structuring, organization: This set of characteristics is
related to the fact that poorly organized datasets make the
task of information retrieval difficult, making obtaining value
from these data more complex.

Accuracy, correctness: This set of characteristics is related
to the fact of obtaining a misinterpretation, distorted. How-
ever, according to [28], knowledge requires trust, so for us to
reach a valid interpretation, the dataset must remain correct,
unbiased, and accurate.

Completeness: Completeness is related to the importance
of detailing the dataset.

G2

G3

G4

G5
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G6 Conciseness: Conciseness is related to the proper way to
remove unnecessary elements from a dataset — such as avoid-
ing similar naming data differently — which can become a
problem if it affects the completeness characteristic.
Consistency, coherence: This set of characteristics refers
to the condition of the data’s ability to fulfill, without con-
tradiction, all the properties of integrity, equivalence, logic,
authenticity, and standardization.

Informativity: Informativeness is related to maintaining
the user’s interest and satisfaction.

G7

G8

In order to complement the data interpretability definition, we
also built a model for leveraging data interpretability in OGPDs, as
shown in Figure 1. This model can provide a basis for leveraging
interpretability in OGD. In the interpretability model for open gov-
ernment data, OGDPs must perform actions such as: uncomplicate
the data, track the data, organize the data, adjust the data, complete
the data, synthesize the data, adapt the data, and inform citizens.
After the publication of the formal definition, other works in the
area are already using the data interpretability concept [10, 20, 25].

Portals should provide clear and straightforward
descriptions of the concepts associated with the data
released. The descriptions or definitions should also
provide a common language that describe the datasets.

Understandability,
simplicity, clarity
and read

Uncomplicate

Portals should promote a data tracing methods in order

Track
to record the source and provenance of data.
Portals should provide a better structure and
" Structuri organization of data, providing well-structured and
s Organize - N
= organization organized metadata for datasets in addition to working
= with tags for alignment between datasets.
H
£
H Portals must provide a data veracity community built
g Adi Accuracy, . .
H just correctness around the use of open government data, including real
g’ time data.
o
2
o
5 Portals should provide a more significant amount of
e facts about the entities of interconnected data and
2 Complete Completeness " - > .
= P P provide more information about what is being effectively
. publicized.
e
e
JE Portals must work with semantic data analysis,

operating predicate logic, and synonyms for query
expansion.

Portals should provide standardized metadata ans

mechanisms that allow users to express some measure
of the value or usefulness of the disclosed data.

Adapt C:;;;;m? describe documents or other types of objects or entities
using controlled vocabularies.
Portals should provide mechanisms to allow users to
Inform Informativity suggest missing valuable data, in addition to provide

Figure 1: Model for leveraging data interpretability in OG-
PDs [4]

2.2 Citizen-Sourcing

Citizen-sourcing is the adoption of crowdsourcing principles and
technologies in the public sector, functioning as an instrument
to support citizen participation and knowledge sharing [23]. Re-
cently, governments worldwide are pursuing strategies to expand
citizen participation and collaboration [26]. In the context of Citizen-
sourcing, the data collection process starts with an enrollment re-
quest in the form of an open call. Several actors may be able to
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make a request, such as (i) government representatives, (ii) non-
governmental organizations, (iii) or citizens themselves. This re-
quest is then published on an online platform that acts as an inter-
mediary between requesters and providers. Citizens can also act as
testers and rate submitted apps by reviewing them, posting possible
improvements for developers, and providing a rating among other
contributions [26]. Citizen-sourcing can provide more available ser-
vices to society, to offer services where the citizen is at the center
of the data flow [23].

Citizen-sourcing has its roots in three distinct phenomena: (i) the
new technologies of Web 2.0, which allow citizens to communicate
with governments with minimal transaction costs; (ii) the success of
decentralized and distributed development of products and content
in the private sector through open source, open innovation and
crowdsourcing and (iii) the “top-down” approach of former US pres-
ident, who facilitated open government by prioritizing participation
and collaboration with citizens [1].

In this work, we will use the concept of citizen-sourcing when
we explore the results of the Hippolyta evaluation, specifically in
Section XX.

3 RELATED WORKS

Our primary motivation for building this related works research
is to address that OGDPs must offer computational resources to
generate a more added value of excellence to the citizen based on
the available data. In this sense, efficient architectures, frameworks,
processes, and methodologies are necessary to identify, map, de-
velop and plan resources for improved interaction between citizens
and OGDPs. Some initiatives addressed in the literature contribute
to filling this gap. We found works that promote more efficient
interfaces, providing differentiated functionalities that facilitate
understanding the data by different user profiles and provide data
visualization options.

Cantador et al., in [5], present a chatbot to access open govern-
ment data. The chatbot developed allows searching and exploring
datasets. Exploration is done through complex queries that non-
expert users quickly construct through natural language conversa-
tion. First, the user accesses and interacts with the chatbot through
conversations in an instant messaging application. Soon after, a Nat-
ural Language Processing component extracts entities and identifies
the target intent. If the intent is to search a collection, the chatbot
prompts the user for terms associated with relevant datasets. It uses
the provided terms to initiate a keyword-based search against a
database index. As a result of the process, the chatbot presents a
list of datasets on the input keywords. The chatbot maintains a con-
versation with the user and asks the user for the elements needed
to create an SQL query that represents his information needs. Once
the chatbot creates the query, it is posted to the database, retrieving
the data items of interest. And then, in the end, these items are
finally presented to the user. In addition, the authors report a study
carried out to evaluate chatbots according to the achievement of a
series of public service values, in addition to measuring different
objective and subjective metrics. Experimental results show that
the proposed system outperforms traditional methods followed in
OGDPs.
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The authors Chokki et al., in the work [6], identify a list of
features needed in the design of a generic tool for data storytelling
and then implement these features into a usable tool called ODE —
Open Data Explorer. ODE provides additional resources to facilitate
data storytelling by users, such as (i) direct connection to portals, (ii)
estimation of data quality, (iii) ) data overview, (iv) recommended
viewing of selected data, and (v) feedback collection. The authors
also conducted interviews with eleven users to evaluate whether the
ODE is easy to use and valuable at all stages of data storytelling, but
also to collect suggestions for additional features to be implemented.
Unlike generic data visualization tools, ODE provides users with an
end-to-end tool to transform data into information without using
separate tools. The ODE also allows users to give their feedback on
data visualizations and later use it to improve the rules of initial
data visualizations.

Arribas-Belet al. [2] develop the notion of “open data product”
and define an open data product as “the open result of the processes
through which a variety of data are turned into accessible informa-
tion through a service, infrastructure, analytics or a combination of
all of them, where each step of development is designed to promote
open principles”. So, they contribute to the open data literature by
providing a framework that expands the notion of how open data
can be generated and what can constitute the basis to generate open
datasets, as well as how to ensure its final usability and reliability.

4 RESEARCH DESIGN

To reach our goal, we (i) deepen concepts such as data interpretabil-
ity and citizen-sourcing, (ii) carried out a literature review in order
to highlight works that address architectures, structures, processes,
and methodologies to identify, map, develop and plan resources
for improving the interaction between citizens and open govern-
ment data portals (OGDPs), (iii) we defined the architecture of the
framework, named Hippolyta, (iii) we evaluated the Hippolyta in-
stantiation, in order to consolidate the efficiency of the framework
in terms of improving the interpretability of open government
data. Moreover, we can consider the framework as a suggestion for
changing some steps of the standard data manipulation process.

Hippolyta first identifies the citizen’s needs using a semantic
enrichment module. After this step, the framework performs the
data collection through the same data retrieval module. Finally, data
visualizations are performed through a data visualization module.
Hippolyta’s code is available at [4]

In previous works [4], we already evaluated the semantic en-
richment and data retrieval modules. However, we still need to
evaluate whether Hippolyta can promote an improvement in the
interpretability of open government data. We chose to use the fo-
cus group technique to evaluate Hippolyta. The focus group is a
qualitative research method that works as a type of in-depth inter-
view carried out in a group [19]. The focus or object of analysis is
the interaction within the group [19]. In the focus group, partic-
ipants influence each other through their responses to ideas and
contributions during the discussion. The moderator encourages
discussion with comments or subjects. The fundamental data pro-
duced by this technique are the transcripts of the group discussions
and moderator reflections and notes. The general characteristics of
a focus group are the involvement of people, a series of meetings,
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the homogeneity of participants concerning research interests, the
generation of qualitative data, and discussion focused on a topic,
which is determined by the objective of the research [19].

The advantages of using the focus group to evaluate Hippolyta
are: (i) easy conduction, allowing better exploration of interpretabil-
ity factors and generation of hypotheses; (ii) opportunity to collect
group interaction data, which focuses on our topic of interest; (iii)
it has a low cost compared to other methods; (iv) greater agility in
providing results; (v) the methodology is flexible and has high face
validity, which means that we measure more easily what we intend
to measure [11].

The focus group for evaluating Hippolyta had five members,
except for the moderator, Table 1 summarizes information about
the members. The group meetings were divided into two sessions.
The script was organized so that all characteristics, that define the
concept of interpretability, were discussed.

Table 1: Description of focus group members.

Member Position Age Range

Product Designer and PhD student in the

1 area of Human-Computer Interaction

25-30

) Master’s student in the area of 25-30
Human-Computer Interaction

PhD student in

3 Artificial Intelligence 30-35
Public manager in the area of Technology and
4 PhD candidate in the area of Systems Engineering 35-40
and Smart Cities
Leader of Corporate Architecture and
5 of Solutions in a public company and 35-40

Master’s student in the field of Artificial Intelligence

5 HIPPOLYTA, THE PROPOSED FRAMEWORK

In previous works [4], we presented that the open data manipulation
flow happens in some stages. First, citizens reflect on their needs
and what they want to look for in an OGDP. In a second moment,
citizens collect data on the portal, through the search interface, or
through the categories present in the menu. Soon after, the citizen
performs a data merge to gather all relevant data to the search
question. Afterward, citizens still need to clean and process the
data to remove empty, null, and inconsistent fields. Later, with
the data cleaned and treated, citizens must create visualizations
highlighting certain aspects, such as trends and outliers. Finally,
after all the steps described, citizens can conclude the research
subject [4].

Furthermore, still in [4], we discovered that several aspects harm
citizens through data manipulation. There are notorious problems,
both in the analyzed open data portal and in data visualization tools,
which permeate the current flow of open data manipulation, such
as (i) much time spent searching and browsing the portal to identify
sets of ideal data; (ii) non-intuitive interfaces; (iii) lack of tutorials;
(iv) excessive difficulty in accessing the platforms; (v) inconsistent
data and (vi) limited features.
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5.1 Results

We have divided Hippolyta into three main modules: (i) the semantic
enrichment module, which works as a direct textual communica-
tion interface between the citizen and the application; (ii) the data
retrieval module, which collects data from OGDPs; and (iii) the data
visualization module, which also works as a direct interface with
the citizen, but already shows the final result of the research carried
out through data visualizations.

5.1.1 Semantic enrichment module. This module represents Hip-
polyta’s first task. In this module, the citizen interacts through
a search interface, similar to the interface of significant internet
search engines. We implement Natural Language Processing (NLP)
techniques in the backend to identify the citizen’s needs and to
make an information extraction to point out the citizen’s real pur-
pose when typing his search in the application’s search bar.

In order to test and identify the lessons learned, we used a classi-
fier, trained by [8], based on a multilayer perceptron (MLP) neural
network and vector space model, for the task of part-of-speech
tagging. The MLP network examines words, produces a score to
assign each tag to each word, and then determines the tags using
the Viterbi algorithm. Also, we apply stemming processing, which
is the process of deriving the basic word by removing the affix from
the word [27], and lemmatization process, which is the process of
determining the dictionary form of a word, given one of its inflected
variants [27], as we can observe in Figure 3.

5.1.2  Data retrieval module. This module represents the second
task of Hippolyta, and aims to allow data retrieval, performing a
search task in an open data catalog. In order to test and identify
lessons learned, we used the CKAN API or Comprehensive Knowl-
edge Archive Network. CKAN! is a web-based management system
developed by Open Knowledge Foundation?, and more than 192
governments use it, institutions, and other organizations worldwide
to manage open government data. CKAN, written in Python, uses
Solr, an open-source Java-based information retrieval library, to
achieve full-text search functionality on datasets stored in Post-
greSQL backup. The CKAN API is useful for developers who want
to write code interacting with CKAN websites and their data. The
API is also extensively documented and provides a comprehen-
sive way to retrieve metadata from the Data Catalog [13]. For data
retrieval, it is necessary to perform an API request, where the re-
sponse is a JSON file in data dictionary format. From the JSON file,
we run an algorithm that examines the entire key/value structure
and automatically performs the search and alignment between data,
metadata, and keywords extracted in the previous module.

In previous work [4], we applied and validated this module. We
used metrics to evaluate information retrieval, such as precision and
recall, and obtained satisfactory results in applying the proposed
methodology.

5.1.3 Datavisualization module. This module represents Hippolyta’s
third task and performs direct communication between the citizen
and the application. One of the biggest hurdles in creating data vi-
sualizations is the need for technical knowledge. With the openness
of government data and the lack of standards, the need to process

!https://ckan.org/
Zhttps://okfn.org/
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data before and during creating a data visualization is explicit. Al-
though some tools already allow citizens to process data, this action
requires extra steps and a minimum knowledge of data formats
that discourages a slice of society [9]. In order to test and identify
lessons learned, implementing data visualizations required a few
steps: (i) classification of data types; (ii) transforming the data, and
(iii) deciding and building the appropriate data views. We already
used all these steps in our previous work [4].

We followed a standard process in tools like Tableau® [16] and
DeepEye* [21], classifying data types into categories. Moreover,
we decide the visualization type through classified data types and
build the visualizations through python libraries such as Seaborn®,
Bokeh © and Altair 7, depending on complexity and need for each
selected data visualization.

5.2 Hippolyta instantiation

In order to materialize Hippolyta so that the framework could pro-
cess and visualize the available data, we used Streamlit 8. Streamlit
is an open-source Python library used to build web applications for
machine learning and data science. Streamlit simplifies the job of
coding and viewing results in the web application. After implement-
ing Hippolyta through Streamlit, we were able to use its features
and evaluate whether the framework is capable of helping citizens
to interpret open government data. Reinforcing that, we developed
Hippolyta’s instantiation in Portuguese, so for this publication, we
edited the images for the English language. In Figure 2, we can see
the initial screen of Hippolyta, where the citizen writes his need
and the semantic enrichment module is executed. We emphasize
that the full framework instantiation was carried out in Portuguese
to evaluate it with Brazilian citizens.

Hippolyta

Hi, citizen!
‘What do you need?

Figure 2: Hippolyta home screen.

In Figure 3, after writing “I want to know about covid-19”, Hip-
polyta already executed the semantic enrichment module, and we
observe that the data retrieval module is being executed to deliver
available datasets to the user.

In Figure 4, after the citizen selects which fields he wants to
visualize, in this case about “contracts coronavirus - covid 19 - April
20207, related to index number 14, the data visualization module is
executed, and we have the results delivered to the citizen.
Shttps://www.tableau.com/pt-br
“http://deepeye.tech/

Shttps://seaborn.pydata.org/
Ohttps://docs.bokeh.org/en/latest/index. html
"https://altair-viz.github.io/
8https://streamlit.io/
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Hippolyta

Hi, citizen!
‘What do you need?

I want to know about covid-19

name

0 Sectorial studies - Bulletin of patents in the public
domain - Technologies to combat covid-19 - Prosul 2020

Surveys - covid-19

Panel of cases - covid-19

Federal regulatory acts on covid-19

Covid-19 - Bulletin of Ombudsman manifestations and access to
information - July 22, 2020

5 Data dictionary - Covid-19 - Commitments - V1.0

6 Report LAI Covid-19

7 Covid-19 - Emergency contracts - Health - Data dictionary
8

9

Covid-19 - Expenses - Data dictionary

Covid-19 - Federal regulati

10 Covid-19 bulletin

11 Data dictionary - Covid-19 - Ombudsman manifestations - V1.0

Please select the dataset index you wish to visualize:

Choose an option S

Figure 3: Hippolyta data retrieval.

Please select the columns that you wish to visualize:

T o~

AGENCY_ENTITY

of Health
Assiistance, Foad Sscurity and Citicenship
Prevention

Figure 4: Interactive data visualization in Hippolyta.

We can obeserve another example of using Hippolyta in Figure 5.
However, as the data visualization module can classify the data
type, transform it, and decide the appropriate visualization, in this
example, the visualization selected by Hippolyta was the scatter
plot.

6 INTERPRETABILITY EVALUATION

First, data interpretability was presented to members in the context
of open government data and its characteristics. After clarifying
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Hippolyta

£

£
g i

PRACTICAL CREDIT_HOURS

Figure 5: Use of Hippolyta for a scenario where citizens want
to know more about UFF.

the concept, we used usage scenarios in Hippolyta and the Brazilian
Open Data Portal. Considering that we considered the guiding ques-
tion “Does the Hippolyta Framework provide more interpretability
to the citizen?” for conducting the focus group, a broader discussion
was centered on eight main questions (MQ). Because of this, for
each MQ, the focus group reached a consensus, obtaining unified
comments. The responses are summarized below:

[MQ1] How do you feel about the presentation of the data
(understandable, simple, clear, readable) when comparing the use
of Hippolyta with the use of the Portal?

- “Hippolyta’s existing data visualization functionality really
facilitates data interpretation. Hippolyta presents the data
in a way that consumption is pleasant. The possibility of a
semantic search also facilitates and simplifies the search for
information. The existence of the semantic search provides
greater comfort for those who are searching for informa-
tion. The Brazilian Open Data Portal only brings raw data,
in which the interpretation depends on a larger and more
complex process of data cleaning and analysis”.

The focus group continually emphasized that the data visualiza-
tion module is a focal point to leverage data interpretability, as the
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data is already clean and in an appropriate graphical form, different
from that presented by the Brazilian portal.

[MQ2] What is your feeling about the data reliability and trace-
ability when we compare the use of Hippolyta with the Portal?

- “We noticed a lack of data traceability in Hippolyta, which
can directly impact questions about reliability. As the Brazil-
ian Open Data Portal is the direct responsibility of the Federal
Government, citizens tend to rely more on available data”.

The focus group highlighted that citizens would trust the Brazil-
ian open data portal more due to the official nature of the platform.
However, Hippolyta depends directly on the data sources of the
Brazilian portal.

[MQ3] What is your feeling about data structuring and organi-
zation when we compare the use of Hippolyta with the Portal?

- “Hippolyta’s simple and direct layout, compared to the layout
of the Brazilian Open Data Portal, helps to avoid confusing
citizens when data searching”.

The focus group emphasized the importance of maintaining
a more organized and minimalist structure to make the citizens’
experience less confusing.

[MQ4] What is your feeling about the data accuracy and cor-
rectness when we compare the use of Hippolyta with the Portal?

- “As Hippolyta directly depends on the source of data ori-
gin and does not clearly show where this data is collected,
questions about correctness and precision can be impacted
since the Brazilian Open Data Portal, which is responsible
for making available accurate and correct data”.

As previously mentioned, Hippolyta depends directly on the
data sources of the Brazilian portal. Therefore, the accuracy and
correctness of the data also depend on this data source.

[MQ5] What is your feeling about the data completeness when
we compare the use of Hippolyta with the Portal?

- “As Hippolyta does not provide further descriptions of the
collected data, questions about data completeness may be
negatively impacted. However, the Brazilian Open Data Por-
tal also needs to improve in this characteristic”

The focus group pointed out that Hippolyta, like the portal, no
longer offers descriptions of the datasets. However, if the source
does, Hippolyta can easily be extended to provide descriptions of
the datasets.

[MQ6] How do you feel about the data conciseness when we
compare the use of Hippolyta with the Portal?

- “Hippolyta provides better data conciseness, considering
that in addition to the framework treating the data in a way
that the citizen does not need to worry about duplicates.
Also, the citizen can directly select the relevant variables
for his search for information, excluding thus unnecessary
or irrelevant data. The Brazilian Open Data Portal provides
duplicate data without selecting what would be relevant or
not to the citizen”

Since Hippolyta already offers pre-cleaning of data, such as re-
moving duplicates, conciseness becomes a feature understood by
the framework.

[MQ7] What is your feeling about the data consistency and
coherence when we compare the use of Hippolyta with the Portal?
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- “As the data origin directly impacts Hippolyta, questions
about data integrity and logic are also directly impacted”

Making Hippolyta more independent of the original data source
would bring us a significant gain because, again, the data source
becomes a weakness.

[MQ8] What is your feeling about the data informativeness
when we compare the use of Hippolyta with the Portal?

- “Hippolyta works in a more direct, clearer, simpler way and
consequently more attractive. The possibility for the user to
directly type their need is closer to everyday reality. On the
other hand, the Brazilian Open Data Portal has a confusing
layout and needs an improved search, alienating the citizen”

Hippolyta is more attractive to citizens due to its simplicity, the
semantic enrichment module, which brings citizens greater comfort
in researching their needs. Nevertheless, also for the other modules
that facilitate the user’s cognitive effort. We also considered four
secondary questions (SQ). Given this, the focus group reached a
consensus for each SQ, obtaining unified comments. The responses
are summarized below:

[SQ1] Comment on Hippolyta’s potential.

- “With a different form of interaction, Hippolyta can help in

greater citizen engagement.”

“The existence of a search closer to natural language can

help bring citizens closer to the process of consuming open

government data”

“Rapidly translating the user question into data visualization,

in a simple way, minimizes the time of collection, cleaning,

and insights generation”

“Hippolyta can help citizens to develop a new habit and

expands the possibility of direct intervention by citizens in

decision-making procedures and control of the exercise of

power”

- “Hippolyta can also be used as a teaching tool in popular
classes and school education.”

[SQ2] Comment on Hippolyta’s weaknesses.

- “Hippolyta’s lack of auditability is a visible weakness, but
one that can be improved in the short term”

[SQ3] Comment on Hippolyta’s opportunities.

- “Hippolyta brings an opportunity to change paradigms in
participatory democracy, intending to change interaction,
closer to the citizen”

[SQ4] Comment on Hippolyta’s challenges.

- “Hippolyta’s great challenge is that it is a data consumer
directly impacted by the source data quality”

Table 2 shows some evolutions proposed by the focus group to
make Hippolyta’s functionalities more complete.

According to the focus group, the groups in which Hippolyta
is robust are (i) G1 — Comprehensibility, simplicity, clarity, and
readability, (if) G3 — Structuring and organization, (iii) G6 — Con-
ciseness and (iv) G8 — Informativeness. Also, according to the focus
group, the groups in which Hippolyta presents vulnerabilities are (i)
G2 — Reliability and traceability, (ii) G4 — Precision and correctness,
(iii) G5 — Completeness and (iv) G7 — Consistency and coherence.

The focus group claimed that G2 — Reliability, and traceability
is compromised due to the lack of some data traceability. And then,
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Table 2: Hippolyta’s evolutions, proposed by the focus group,
given each characteristics group that constitutes the concept
of interpretability.

Characteristics Group Proposed Improvements

Inclusion of a tutorial to help citizens understand

G1 . -
the rendered visualization.
G2 Inclusion of direct links to the retrieved data source.
G3
G4 Inclusion of a Citizensourcing process for inserting
validations about the correctness of retrieved data.
Gs Inclusion of a citizen-sourcing process to insert more
complete data descriptions.
Inclusion of the citizen-sourcing process in order to
Gé6 expose the real relevance of
the collected data.
a7 Inclusion of feedback feature like:
“Was your question answered?”
G8

as the Brazilian Open Data Portal is the direct responsibility of the
Federal Government, citizens tend to trust the available data more.
However, a data traceability resource can be easily implemented in
Hippolyta with direct links to the origin of the retrieved data.

About the other groups (G4, G5, and G7), considering that Hip-
polyta is directly impacted by the origin of the data, in our case by
the Brazilian Open Data Portal, which proves that the groups in
question also have weaknesses in the portal in question, we raise
proposals for evolution so that Hippolyta can reduce this impact.
As indicated in Table 2, the inclusion of a citizen-sourcing process
in Hippolyta can help considerably to improve the respective issues
— accuracy, correctness, completeness, consistency, and coherence
of the data — positioning citizens as data auditors as well as users.

Also, in previous works [4], we noticed that the most significant
difficulties of the Brazilian Open Data Portal are related to groups
G1, G3, and G8, groups in which Hippolyta has some competence.
An example that reinforces the fragility of the Brazilian Open Data
Portal, which ends up impacting the use of Hippolyta, is the high
rate of unavailability of the portal, which we sometimes faced in
the implementation process of Hippolyta.

7 CONCLUSIONS

The general objective of this work is to propose the definition,
implementation, and evaluation of a framework named Hippolyta,
which is capable of helping citizens to interpret open government
data.

Therefore, we defined and developed the architecture of a frame-
work named Hippolyta, which (i) identifies the citizen’s needs using
a semantic enrichment module, (ii) performs the data collection
through a data retrieval module, (iii) creates a visualization from
the dataset chosen by the citizen, through a data visualization mod-
ule. So, to understand whether Hippolyta could help citizens to
interpret the available data, we carried out a set of evaluations.
Considering the first evaluation performed on Hippolyta, the re-
sults were satisfying, considering that high values of precision and
recall indicate a high data recovery power of the framework. The
second evaluation of Hippolyta consolidated her ability to improve
interpretability, considering that the best-evaluated functionalities
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of Hippolyta represent fundamental caractheristics for the inter-
pretability definition.

To evaluate whether Hippolyta could boost the interpretability
of open government data, we carried out a qualitative research
method called a focus group, in which the members interacted with
Hippolyta. As a result of the sessions with the focus group, we
obtained comments on how Hippolyta evidence, or not, each group
of characteristics — groups that constitute the data interpretability
definition. The focus group also proposed evolutions for Hippolyta,
considering its functionalities. In summary, we verified Hippolyta’s
competence in promoting the interpretability of open government
data.

The scientific contributions of this study are as follows. While
various open data studies have indicated that open government
data is often difficult to interpret or that there is a risk of open data
misinterpretation [7, 18, 30], the open data literature lacks insight
into how open data interpretability can be enhanced. This study
contributes to the open data literature by developing a framework
that provides in-depth insights into what elements the open data
interpretability concept is composed of and how different modules
of the framework can enhance open data interpretability. The main
practical and societal contribution of this study is that policymak-
ers and other professionals can apply our Hippolyta framework to
promote greater interpretability of open government data. Conse-
quently, this can potentially reduce the social and technical barriers
imposed by the difficulty of citizens to correctly interpret the data
made available in the open government data projects. Subsequently,
the correct interpretation of OGD by citizens potentially leads to
more value creation with open data, including social, economic,
and operational value.

We consider the main limitation of our work that different pro-
files of potential users present in society should have evaluated
Hippolyta. For future research, the interactive design technique
based on continuous evaluation [12] may help us to cover different
citizen profiles.
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