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Using collective intelligence methods o

to improve government data infrastructures
and promote the use of complex data: The
example of the Northern Ireland Longitudinal
Study

Estelle Lowry' "®, Michael J. Hogan?"", John Moriarty®, Owen M. Harney?, Erna Ruijer, Monika Pilch®,
Jenny M. Groarke?, Michelle Hanlon? and lan Shuttleworth'

Abstract

Background This paper discusses how collective intelligence (Cl) methods can be implemented to improve govern-
ment data infrastructures, not only to support understanding and primary use of complex national data but also to
increase the dissemination and secondary impact of research based on these data. The case study uses the North-
ern Ireland Longitudinal Study (NILS), a member of the UK family of census/administrative data longitudinal studies
(UKLS).

Methods A stakeholder-engaged Cl approach was applied to inform the transformation of the NILS Research Sup-
port Unit (RSU) infrastructure to support researchers in their use of government data, including collaborative decision-
making and better dissemination of research outputs.

Results We provide an overview of NILS RSU infrastructure design changes that have been implemented to date,
focusing on a website redesign to meet user information requirements and the formation of better working partner-
ships between data users and providers within the Northern Ireland data landscape. We also discuss the key chal-
lenges faced by the design team during this project of transformation.

Conclusion Our primary objective to improve government data infrastructure and to increase dissemination

and the impact of research based on data was a complex and multifaceted challenge due to the number of stake-
holders involved and their often conflicting perspectives. Results from this Cl approach have been pivotal in high-
lighting how NILS RSU can work collaboratively with users to maximize the potential of this data, in terms of forming
multidisciplinary networks to ensure the research is utilized in policy and in the literature and providing academic
support and resources to attract new researchers.
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Background

Governments all around the world are experiment-
ing with collaborative data infrastructures in an effort
to support deliberative and participatory approaches
to local and national policy development and project
implementation. Data can foster collaboration, promote
greater openness and create real-time solutions to pub-
lic challenges such as health, education, transportation
and support policy and decision-making [1]. Data may
consist of longitudinal survey studies, publicly archived
research data, linked administrative data and open
government data [2, 3]. Ongoing infrastructure design
projects focus on key issues of data linkage, and affor-
dances to make data accessible, understandable and
usable [4]. Comprehensive national data infrastructures
provide particular advantages associated with the link-
age of population-level administrative records to create
individual-level microdata which is important in rela-
tion to addressing societal challenges. Particularly, in
the context of formulating and refining national health
policies, operating at a population scale improves both
statistical power and representativeness, while also
allowing researchers to detect health risks to small
sub-groups, often not adequately captured in sample-
based research [5]. Crucial also is the ability to thor-
oughly contextualize health events through information
from other sources on socioeconomic conditions and
features of the lived environment. Contemporaneous
records, for example, of employment or housing tenure
status, or of health events, eliminate issues of recall and
other errors characteristic of survey research [6].

Although researchers, citizens and public adminis-
trators are increasingly making use of data, data usage
is still in its infancy [7-9]. Furthermore, many data
infrastructures do not stimulate or support data use
[9]. Consequently, in efforts to inform better data infra-
structure design, scholars have sought to understand
what determines open data usage [7, 8, 10].

Several scholars take a reductionist user-oriented
approach and focus on identifying user and innovation
barriers that impact data usage [11]. For example, there
are technical barriers (including a lack of data, poor
data quality and lack of sufficient metadata), innovation
barriers (for example, lack of transparency, lack of focus
on user needs and reluctance of government bodies)
and social barriers (for example, lack of communica-
tion, lack of knowledge and skills, and lack of awareness
of data and its knowledge potential) [11-17]. While it
is important to identify specific user-oriented barriers
and needs, data infrastructure design also implies a sys-
tems thinking perspective, including reflection on how
a range of needs are facilitated in the overall system
design.
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Aligned with the systems thinking perspective, other
scholars take a holistic approach and analyse data usage
within an ecosystem [18-21]. Data ecosystems are com-
posed of public, private and non-profit actors playing
specific roles related to the usage of data, and of specific
functions such as data gathering, data provision, data
usage and an intermediation function between provid-
ers and users [19]. Data ecosystem approaches focus
not only on the different components of data programs
but also on their dynamic relationships and the way in
which different components and relationships influence
data usage [18]. To stimulate data usage, the actors need
to create a mutual relationship of trust, allowing data to
flow from the public sector to communities of users via
intermediaries and back to policy-makers [19]. Commu-
nication and feedback mechanisms are components of
this approach. However, to date, few studies have focused
on communication and dissemination processes support-
ing awareness and use of data. Chokki et al. identify dif-
ferent communication methods such as the use of social
media, public outreach campaigns, workshops, training,
hackathons and applications. The latter focus on applica-
tions includes infrastructures to help users easily access
data and tangible examples of what can be done with data
[12].

Complex design challenges are increasingly being
addressed through the application of collective intelli-
gence (CI) methodologies [22-25]. CI refers to the com-
bined capacity of a group to solve shared problems. In
this study, a key starting point for CI design is a focus on
existing applications, communication methods and dis-
semination strategies that are part of the Northern Ire-
land Longitudinal Study (NILS) Research Support Unit
(RSU) infrastructure, which in turn provides a catalyst
for envisioning new infrastructure design affordances.
We contribute to the literature on data usage by link-
ing reductionist and holistic approaches, using iterative
design and transformation of user support infrastruc-
tures. Stakeholder-engaged CI design does not only focus
on identifying specific user-oriented barriers and needs
but also on barriers and needs linked to inter-institu-
tional coordination and intermediation functions that
influence how accessible, understandable and usable data
is to users.

The Northern Ireland Longitudinal Study

In the early 2000s, a group of academics and senior statis-
ticians from the Northern Ireland Statistics and Research
Agency (NISRA) was convened to explore the required
costs and infrastructure needed to form a Northern Ire-
land Longitudinal Study [26]. This would be similar in
design to longitudinal studies already operating in Eng-
land and Wales, and under development in Scotland. The
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aim was to have a multi-cohort study that would fulfil
a range of academic and policy-related purposes, with
a sample size large enough to enable robust analysis of
population subgroups and of areas of policy relevance.

Following the launch of NILS and the Northern Ireland
Mortality Study (NIMS) in 2006, the funding model has
evolved slightly over the years, and all funding for devel-
opment and maintenance of the NILS is via the Health
and Social Care Research and Development Division
of the Public Health Agency and Economic Social and
Research Council (ESRC). Additionally, NISRA helps to
fund the NILS/NIMS project both through the provi-
sion of accommodation to house all aspects of the NILS/
NIMS operation and staff to maintain and develop the
databases.

Due to the rich data contained within the NILS and the
large, representative sample, it offers an opportunity to
address a broad range of research questions. The NILS
provides a mechanism for understanding the popula-
tion health dynamics of Northern Ireland by reference
to a range of demographic, health and socio-economic
characteristics. An overview of the NILS data variables is
presented in Fig. 1, and a more detailed list can be found
from the website (www.nils.ac.uk). Diverging from the
other longitudinal studies, the NILS uses a health-card
spine to which census data are linked. The health-card
spine is linked to the 1991, 2001 and 2011 Censuses (with
a partial link to 1981) and will soon add the 2021 Census.
As the NILS and linked census data use unique health
and social care numbers, the benefits are regular bian-
nual updates on vital events and address changes and the
possibility for additional distinct linkage projects (DLPs),
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Fig. 1 Field representation of core NILS variables
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linking health system data. For example, a study by Ross
et al. on breast screening attendance used the NILS
linked to breast screening records which revealed that
attendance was lower in those women with chronic dis-
abilities and self-reported poor mental health. This high-
lights the need to re-evaluate the system to find ways to
increase attendance in these vulnerable groups of women
[27].

Since 2011, the ESRC have typically awarded NILS
funding in 5-year cycles with some shorter interim
grants, as in 2017. The focus over these funding peri-
ods has shifted from Census 2011 linkage to increasing
the usage of NILS by expanding the available routine
data and widening the user base beyond academia. Pri-
mary functions of the RSU are divided among NISRA
and Queen’s University Belfast staff on the basis of skill
set (Fig. 2). These consist of managing the data infra-
structure, policies and procedures; accommodating a
safe setting to access the data; providing researcher and
administrative support; ensuring the research potential
of the data is maximized and impact is achieved by creat-
ing networks and partnerships of data users and provid-
ers; building capacity; and providing learning support for
new and existing researchers.

Using the NILS as a case study, we aim to demon-
strate how the implementation of a collective intelligence
approach can improve the data infrastructure. In this
instance, we are defining the data infrastructure as the
basic systems and services required to allow the data to be
maintained and used effectively. This encompasses both
maintenance of the integrity and quality of the dataset itself
but also support for new and existing researchers, which
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Fig. 2 Overview of functions provided by NILS Research Support
Unit

may be in the form of co-designing their research ques-
tion, capacity-building and/or achieving impact through
dissemination. The NILS contains extremely sensitive data,
and great care is taken to ensure appropriate and safe use.
They are managed by NISRA under census legislation, and
access is strictly controlled and governed by protocols and
procedures that ensure data confidentiality. The full ethical
and legal considerations are detailed on the NILS website
and profile paper [26].

Methods

In this study, the NILS RSU have adopted a scenario-
based CI design methodology which builds upon the
approach developed by Ruijer et al. In the Netherlands,
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Ruijer et al. demonstrated how Groningen’s regional
open-data repository could be applied to help address
the particular policy challenge of population decline. To
facilitate infrastructure design focused on how open gov-
ernment data could be accessed, understood and used
to address this policy challenge, the design team worked
with public administrators, researchers, data experts and
technology design experts using an integrated CI meth-
odology [4] comprising interactive management (IM)
methodology [28], scenario-based design (SBD) [29] and
agile user story [30] methods. The IM method is used
to address complex problems and typically involves idea
generation, field representation and systems thinking
tools which allow groups to think clearly and arrive at a
consensus in relation to the nature of a complex problem
and solutions [23]. SBD methodologies use scenarios as
stories about people and their activities which allow mul-
tiple views of interaction and evoke reflection on a range
of concrete and specific user needs [29]. Finally, these
needs were written in accordance with agile user story
idea-writing methods. This allowed singular needs and
reasons for needs to be specified in a way that supports
higher-level analysis and synthesis of needs across mul-
tiple participants in a CI session [4 p. 472]. Utilizing this
approach allowed the RSU design team to:

(a) Identify challenges in accessing, understanding and
using NILS data for research purposes and to guide
policy, practice and action.

(b) Clarify specific issues associated with current RSU
resources, including the NILS data dictionary, NILS
website and NILS data request form.

(c) Generate user needs to support NILS infrastruc-
ture redesign, in particular, information needs, col-
laboration and decision-making needs and training
needs of NILS users.

An overview of the CI process is summarized in
Fig. 3 (see Additional file 1: Appendix A for further
information on the methodology). In advance of engag-
ing stakeholders during the face-to-face CI workshop to
focus on NILS RSU infrastructure design, the CI facilita-
tion team conducted an analysis of all past NILS projects
to identify key themes and issues addressed in previous
projects (Fig. 4).

Collective intelligence session stakeholders

Stakeholders included five government statisticians rep-
resenting data providers/custodians, eight researchers
and five officials with an impact and policy interest who
could provide insight into dissemination. Furthermore,
there was attendance from the census office to also pro-
vide representation of public interest. These stakeholders
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were selected because they all had experience with the
NILS and related longitudinal studies, or represented
groups who work with NILS data. All workshop partici-
pants agreed to participate in the workshop and collec-
tive intelligence design process via email and as part of
their commitment to supporting NILS infrastructure
redesign.

Establishing context

An overview of the NILS data variables, along with the
categorized field representation of past projects (Figs. 1
and 4), was presented to 18 stakeholders at the CI session
for review. After this initial presentation, CI workshop
participants were prompted to identify key research or
policy issues that they would like to address using NILS
data. In particular, participants were asked to identify key
variables of interest using the data field representation in
Fig. 1, and draft and share ideas across four subgroups.
Participants were divided across these subgroups such
that there was a balance of gender and diversity of NILS
stakeholder experience across groups. A broad array of
potential research question ideas were discussed includ-
ing, for example, whether being an artist influenced lon-
gitudinal health outcomes relative to other occupations,
and the relationship between air pollution levels and
school attendance (that is, absence due to illness) across
districts. These ideas were not recorded; rather, this dia-
logue provided an opportunity for establishing context
for the core CI session tasks. This discussion served to
prompt consideration of the opportunities and potential
offered by NILS data, and to prime stakeholders for fur-
ther idea generation at the next stage.

Challenges to accessing, understanding and using NILS
data

Participants were next prompted to focus on key design
challenges for the NILS RSU team. In advance of the CI
session, participants were each invited via email to sub-
mit five challenges in response to the following trigger
question:

“What are key challenges to accessing, understand-
ing, and using NILS data for research purposes and
to guide policy, practice, and action?”

This advance input was compiled by the facilitation
team, and presented in the form of a printed handout for
review by participants during the CI session. This review
was followed by a second round of idea generation, which
was carried out across the four subgroups during the CI
session. This second round focused on specific compo-
nents of the NILS application process, with each question
being addressed by two groups:
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“Upon reviewing the data dictionary and past pro-
jects section of the website, what are key challenges
associated with presentation, understanding, and
decision-making?”

and.

“Upon reviewing the NILS application form and
data dictionary, what are key challenges in under-
standing the data and completing the application
process?”

Mapping user needs

Workshop participants next engaged in a series of SBD
exercises focused on generating a comprehensive set of
NILS user needs. A set of narrative scenarios describing
potential interactions between NILS stakeholders were
developed and used to prompt design thinking in relation
to:

+ Information needs
+ Collaborative and decision-making needs
+ Training and analysis needs.

Information needs refer to information designs sup-
porting discovery and understanding, relevant data and
past findings, and tools supporting navigation of relevant
information.

Collaborative and decision-making needs involve con-
sideration of the types of collaboration and decision-
making tools, methods and communication processes
that are needed.

Training and analysis needs refer to the types of advice,
supports, training programme content, procedures and
methods that are needed to support analysis and other
relevant interactions with NILS data.

This scenario-based design method was combined with
ideawriting to maximize the needs developed by work-
shop participants during the allotted time.

For the purposes of this task, the ideawriting sheets
presented multiple agile user story prompts for answer-
ing the stimulus question, each presented in the follow-
ing format:

As User Type , I want , 50 that I can

One of the scenarios is presented in Fig. 5. The second
scenario is presented in Additional file 2: Appendix B.

Analytical approach

Analysis of textual data generated by participants in
advance of and during the CI session, involved the
application of a descriptive and exploratory approach,
informed by qualitative content analysis [31, 32] (Elo and
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Jane is a senior public administrator in a Belfast. Jane is helping to prepare a new plan to promote local community and economic development in Belfast and
wants to explore how the NILS data might be used to facilitate a wider engagement between her research team and local community leaders to facilitate
bottom up community building. Jane is particularly interested in social mobility (i.e., changes in socioecomonic status over time) and changes in patterns of
social inequality across neighbourhoods and school districts in Belfast, and key factors that may influence social mobility and inequality. Jane believes that an
understanding of these dynamics will help her research team to engage in collaborative discussions with communities and inform policies and projects across
regions. Jane, who has little or no understanding of statistical analysis, works directly with Joe, who is a senior data analyst who has just moved from London to
Belfast. Joe is unfamiliar with the NILS data, so he logs onto the NILS website to learn more about previous studies that have been conducted on social mobility
and inequality. Having reviewed the pattern of results across previous NILS projects using the interactive project analysis tools, Joe decides to move closer to
the data and examines the new interactive NILS data insight tool, which provides a rich way of understanding the NILS data and ways in which it can be linked
to other datasets to inform specific research and policy issues. Joe also examines the new interactive data request form that supports efficient data request
submissions. Joe struggles to understand some key details and so he contacts Fiona and Frank, who lead the NILS research support team and provide guidance,
training, collaborative support to research teams, public administrators, and communities who wish to develop knowledge grounded in the analysis and
application of NILS data. In a deeply engaging and rewarding iterative learning process, Jane works with Joe and the NILS team over a period 8 weeks to meet a
key report deadline, and moves from there to negotiate and plan activities with other public administrators and community leaders in her local authority public
administration offices. She wants both citizens and her colleagues in the local community development group to have some flexibility in the way they draw
upon data and information when working together to develop community projects, and she appreciates the iterative engagement with the NILS team. Jane is

very passionate about promoting local community and economic development in Belfast and across Northern Ireland and she wants a platform and set of

services that will help her do good work.

Fig. 5 Example scenario from the ideawriting sheets presenting multiple agile user story prompts

Kyngds, Elo et al.). Qualitative analysis for the purposes
of identifying categories of challenges was done manu-
ally (that is, it was not computer-based) using the paired
comparison method [33] (Warfield and Cérdenas). After
being immersed in the data, the researchers engaged in
a process of systematically assessing challenges for con-
ceptual similarity. Pairs of challenges were considered in
turn, in an exhaustive and immersive process. This pro-
cess resulted in the emergence of higher-order categories
of conceptually similar challenges.

Results

Challenges to accessing, understanding and using NILS
data for research purposes

A total of 30 challenges to accessing, understanding and
using NILS data for research purposes and to guide pol-
icy, practice and action were identified. Analysis revealed
eight categories of challenges. These challenges covered a
range of domains. These included infrastructure-related
issues in the Accessibility and Remote Access catego-
ries, which addressed issues such as the number of steps
to be taken in applying for access to data, and the time
it takes, as well as challenges linked to the requirement
to access data on site. Other categories addressed more
user-focused issues, including the Understanding and
Skill, Expectations and Standards, Resistance and Trust,
and Awareness categories, in which issues were raised in
relation to lack of knowledge of the NILS database, resist-
ance to innovative and creative uses of data, lack of statis-
tical skills and a mismatch in expectations versus what is

delivered. The remaining categories, Funding, Research
and Policy, and Policy Challenges, raise issues around
the lack of funding for projects, a lack of co-designed
research between researchers and policy-makers and
a lack of buy-in from public bodies and/or government
departments. Figure 6 presents a sample of challenges
within each category. The full set of challenges can be
found in Additional file 3: Appendix C, Table S1.

Analysis of NILS resources

Upon reviewing NILS resources — the data dictionary,
the past projects section of the website and the applica-
tion form — a range of challenges were noted with pres-
entation, understanding and decision-making using the
website, and understanding the data using the data dic-
tionary and completing the application process using the
data request form.

Data dictionary challenges

Participants generated 39 data dictionary challenges
(Additional file 4: Appendix D, Table 1) across four
themes. The Finding Variables theme addresses chal-
lenges in data dictionary navigation, including the ina-
bility to search for specific variables, and the lack of key
theme tags.

The Identifying and Understanding Variables theme
addresses challenges associated with lack of clarity
regarding distinctions between variables, a lack of varia-
ble context provided and the need for linkage back to the
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Fig. 6 Summary of challenges to accessing, understanding and using NILS data for research purposes

original data collection form to ascertain how responses
were coded.

The Usability theme included challenges associated
with using Microsoft Access, which is not familiar to
most users, the inability to automatically connect the
data dictionary to the application form (for example,
when selecting variables for inclusion) and the need for
more usable, modern formats.

Finally, Integration and Linkages addressed the lack
of integration across NILS, NIMS, Administrative Data
Research Centre (ADRC) and Business Services Organi-
zation (BSO), as well as the need for greater coherence
with the census, and the lack of provision of lists of pos-
sible linked data sources.

Website challenges

Participants generated 13 challenges in relation to the
past projects section of the website (Additional file 4:
Appendix D, Table 2). The majority of these relate to
access to information about the projects, such as a lack of
detailed information on the variables used, a lack of a key
word search option for project review, a lack of consist-
ency in the detail of project summaries and the fact that
projects are not grouped together by category. The above
were described as barriers for potential NILS users, who
may be searching for past projects which are relevant to

a project they are planning, and information on the vari-
ables used in past projects.

Application form challenges

In relation to the application form, participants generated
a total of nine challenges (Additional file 4: Appendix
D, Table 3). These challenges covered a range of issues,
including the need for the application form to be updated
and made more accessible and user-friendly, the need for
prompts and guidance that an online application form
could provide, the need for standardization across related
longitudinal studies (LSs) to remove the burden on users
from different regions and the need for additional clarity,
definition and support in completing the form, including
specific guidance on the health focus requirement that is
central to all NILS projects.

Analysis of user needs
Using SBD methods, workshop participants also identi-
fied specific user needs across three domain areas:

+ Information needs
+ Collaborative and decision-making needs
+ Training and analysis needs.

Figure 7 presents an overview of needs catego-
ries generated across domains. In summary, seven
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categories of information needs, nine categories of col-
laborative and decision-making needs and seven cat-
egories of training and analysis needs were identified.
Further below is an analysis of needs for each domain,
separately, and reasons for these needs.

Information needs

Approximately one quarter of all information needs
fell into the Data Needs category (24%). The next larg-
est category was Application Process needs (20%),
followed by Support Team (18%), Previous Research
(17%), Tools and Affordances (13%), Accessibility (6%)
and Research Support needs (2%; Fig. 8). For example,
in relation to Data, participants highlighted the need
for information about the sources of NILS, as well as
more information about the variables themselves. This
was suggested as important in gaining a better under-
standing of NILS data. Participants also raised the
need for more information in relation to the applica-
tion process, as this is necessary to factor into project
timelines. Participants noted that access to informa-
tion about previous policy-related NILS projects
would support the development of future research
questions, as well as policy development. To review
the full set of needs within each category, please see
Additional file 5: Appendix E, Table 1.

Information needs

Data Previous research

Support team

Research support
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Collaborative and decision-making needs

The largest percentage of collaborative and decision-
making needs fell into the Communication category
(25%). This was followed by Understanding NILS (22%),
Engaging Applicants (14%), Research Question (12%),
Tools (9%), Collaborative Analysis (7%), Dissemination
Support (5%), User Needs and Expertise (3%) and Gen-
eral Support needs (3%; Fig. 9). Among the Communi-
cation needs was the call for iterative engagement with
users to enable the RSU to learn about the aims of the
proposed project and help guide the researchers in this
process. Participants also highlighted, in the Understand-
ing NILS category, the need for the collaborative devel-
opment of a shared understanding between researchers
and the RSU, such that NILS data can be used effectively.
Figure 8 below provides some further examples of iden-
tified needs, with the full set of categorized collabora-
tive and decision-making needs presented in Additional
file 5: Appendix E, Table 2.

Training and analysis needs

Over one third of all training and analysis needs fell
into the Research Methods and Statistics category
(34%; Fig. 10). In this category, participants highlighted
the need for training in complex analysis techniques,
to help them to conduct rigorous and robust analy-
sis, as well as training in the interpretation of complex
analysis. The Training and Analysis need also included

Accessibility Application process

Tools and affordances

Collaborative and decision-making needs

Engaging applicants

Understanding NILS

Communication

User needs

Research questions

Collaborative analysis

and expertise

Dissemination support

Training and analysis needs

Safe research

Research methods

Application training

Policy training

General support

NILS variables training  User training

Dissemination training

Fig. 7 Infographic depicting a sample of key challenges within information, collaborative and decision-making and training and analysis needs



Lowry et al. Health Research Policy and Systems (2023) 21:134 Page 10 of 15

INFORMATION NEEDS
M Application process M Data ™ Supportteam M Tools and affordances ™ Previous research ™ Accessibility ™ Research support

Information on application
process to inform the project
timeline

Information on previous NILS
policy research to support
development of research
questions and subseguent policy
development

Information on NILS sources and
variables to better understand NILS
data

Variable theme tags to
quickly identify potentially
relevant variables

Understand the research focus to advise from a
position of knowledge and ensure the project runs
smoothly and efficiently

Fig. 8 Pie chart categorizing information needs

COLLABORATIVE AND DECISION-MAKING NEEDS

= Engaging applicants M Research questions m Understanding NILS
W Communication M Collaborative analysis W Tools
" Dissemination support W User needs and expertise M General support

Seek clarity from Jane to
help develop a study
proposal and data analysis
plan

Open platform and services
to get messages out quickly
to help the target
population

A detailed description of
research questions to best
advise the researcher
about their needs

Insight into previous methods
to decide on appropriate
analysis to answer their
research questions

Iterative engagement with users to learn
about the project and how they can ensure
that aims of the project are met

To understand NILS dataset to use NILS
effectively and carry out successful statistical
analysis

Fig. 9 Pie chart categorizing collaborative and decision-making needs

categories around Dissemination Training and Policy for training in contextualizing data for the purposes of
Training. These categories included reference to needs  policy-related studies. Notably, participants also identi-
such as advice and support in interpreting and explain-  fied training needs on the part of the RSU members, as
ing the data and output from studies, as well as the need  well as researchers. Participants also highlighted a need



Lowry et al. Health Research Policy and Systems (2023) 21:134

Page 11 of 15

TRAINING AND ANALYSIS NEEDS

M Safe research
M Policy training needs
M User training

To determine the user's experience to tailor
the advice and support that | give

Training in complex analysis
techniques to conduct rigorous and
robust analysis

Advise in explaining data and output
to aid proper interpretation of the
study results

Fig. 10 Pie chart categorizing training and analysis needs

to provide training to NILS RSU staff on how to advise
and support users in writing a successful application. It
was proposed that this may involve a review of previ-
ous successful applications, as well as those which were
unsuccessful for minor reasons, or reasons which could
have been fixed or avoided before the application was
submitted. It was proposed that this may allow NILS RSU
staff to give specific advice to help users avoid common
pitfalls identified in previous unsuccessful applications.
To review the full set of categorized training and analysis
needs, see Additional file 5: Appendix E, Table 3.

Implementation

The RSU infrastructure design team reviewed the outputs
of the CI session and engaged in a dialogue in relation
to the potential impact and feasibility of design changes
aligned with user needs and the types of challenges users
are currently experiencing in accessing, understanding
and using NILS data. The set of actions implemented by
the RSU team are outlined in Table 1.

Discussion

Governments around the world are increasingly focused
on developing collaborative data infrastructures that
support engagement of citizens, researchers and public
administrators in the development of shared understand-
ing of societal issues and solutions to a range of public
policy challenges [1, 4]. The design of government data
infrastructures is important in efforts to make data acces-
sible, understandable and usable [7, 8, 10], but a variety

M Application training
M Dissemination trainings needs

M NILS variable training
M Research methods and statistics

Safe research training to access data in
the secure environment

Training on what RAG looks for to
tailor applications to be successful

Training on what is available
through NILS to choose the most
suitable data source for analysis

To understand the policy context to help to
show what data might help and support
project delivery

of technical, innovation and social barriers have been
identified which highlight the need for ongoing and itera-
tive redesign of existing data infrastructures [11-17, 19].
Understanding the needs of stakeholders and data users
is important in this context, as it helps to develop specific
requirements that can feed into the planning and devel-
opment work undertaken by data infrastructure design
teams.

The NILS RSU team has identified the need to improve
their data infrastructure not only to support understand-
ing and primary use of complex national data but also
to increase the dissemination and secondary impact of
research based on these data. This infrastructure design
work requires careful attention to, and coordination of,
multiple components, including the existing and evolv-
ing data available for use, policies and procedures in
accessing and using the data, researcher and adminis-
trative support, awareness building and communica-
tion, creating networks and partnerships, as well as
capacity-building. The NILS RSU team recognize that
this infrastructure design challenge necessitates a stake-
holder-engaged and systematic approach to design work.
The CI process described in this paper, in identifying key
challenges to accessing, understanding and using NILS
data and the specific information, collaboration and deci-
sion-making needs of users, provided a collaborative and
constructive foundation for ongoing design work.

Notably, many of the challenges faced in the context
of the NILS RSU infrastructure design and delivery are
broadly consistent with those identified in the wider
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Table 1 Actions implemented by the RSU team in response to the areas for development highlighted within the Cl report

Development area

Action

Accessibility: understanding of data infrastructure

Accessibility: understanding role of NILS within NI data landscape

Accessibility: understanding data/metadata

Accessibility of data

User needs: information; collaborative decision-making

Public need: clear communication of NILS Findings

A redesigned website was launched under an independent URL (www.nils.ac.uk).
The primary target for the website is new researchers interested in utilizing NILS.
Video overviews and step-by-step guides to researcher accreditation and project
planning are to the forefront and presented in non-technical language. The new
website also includes field representations of the topics and thematic spread of NILS
projects, using material developed for the Cl workshop. The medium-term aspira-
tion is to have a dedicated policy-maker space and dashboard through which all
relevant NILS findings can be accessed in key point format.

Signposting role and conference: NILS RSU advises prospective users of alterna-

tive options to NILS, depending on the proposed project, timescale and require-
ments (for example, data analysis focus, granularity). The academic team organized
the Belfast Big Data Day in collaboration with Belfast City Council at Belfast City

Hall, and with other data providers (including Ordinance Survey and Labour Force
Survey). Whilst the pandemic hampered follow-up from this event, successful online
seminars have bridged the gap in the interim, particularly “The potential use of NILS
for Covid research’, which saw an invited panel of academics and those working

in government policy talk about the future evidence gaps.

Metadata: The new website details classes and sources of data, including individual
and household-level census demographics, health records and environmental risks.

Remote access: Both major Northern Ireland (NI) universities who provide the major-
ity of users have entered into new agreements with government data custodians
across the UK and now have Assured Organizational Connectivity agreements.
These recognize the universities as trusted and secure institutions and permit access
from campus-based university computers. Long-term, if extended to NI census data,
this could remove a logistical barrier to preparation of NILS data for analysis.

Use of synthetic data: As of 2022, NISRA have made synthetic data files available,
which contain variables with the same names, codings and univariate distributions
as would be found in a full NILS population. A carefully prepared non-disclosive
dataset, stripped of private information but with capacity for building analyti-

cal models, has been launched as a learning resource on the website together
with complimentary tutorials and information.

User voice structures and research community: Previously active groups were
merged under the banner of the Northern Ireland Administrative Data Researcher’s
User Forum. The forum facilitates discussion space involving researchers and data
technicians, with five meetings every year. Researchers are represented on the NILS
Steering Committee by the forum chair.

Briefings project: Funding was secured for a two-strand project. First, a one-day
specialist training day was provided to researchers, with the instructor assisting
researchers in the creation of policy briefs based on existing work. Subsequently,

a part-time research assistant was recruited for weekly sessions in which to further
develop these briefs and devise a search strategy for maintaining an up-to-date
record of live policy consultations and parliamentary calls for expert input in the UK
and beyond. Case study files of how each policy brief could be amended to fit
particular calls were also created.

literature. For example, issues of accessibility and remote
access are well-recognized [13, 17], and in the case of the
NILS, CI participants identified a range of challenges,
including: the number of steps in the data application
process, requirements associated with applying for access
to data, the time it takes, and the need to access data
on-site. Similarly, consistent with literature document-
ing challenges associated with Understanding and Skill,
Expectations and Standards, Resistance and Trust, and
Awareness [12, 13, 17], CI participants in the NILS RSU
design project noted challenges, such as lack of knowl-
edge of the database, resistance to innovative and crea-
tive uses of data, lack of statistical skills and a mismatch

in expectations versus what is delivered. Finally, the types
of challenges faced by the NILS under the categories of
Funding, Research and Policy, and Policy Challenges
issues, including the lack of funding for projects, a lack
of co-designed research between researchers and policy-
makers, and a lack of buy-in from public bodies and/
or government departments, are reminiscent of similar
challenges faced in other jurisdictions, such as issues of
cost and funding, as well as reluctance or lack of prioriti-
zation by local or national government organizations [14,
16].

To identify specific areas to be addressed as part of
a larger project of infrastructure design, participants
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engaged in the CI process identified a range of user
needs that covered the full spectrum of NILS-related
activity, including the application process, accessing and
understanding data and analysing NILS data. The needs
and requirements of prospective users warrant careful
consideration in the context of NILS design, given the
broader trend of open data uptake and usage lagging
behind open data availability [10, 34]. Consistent with
other examinations of open data infrastructure and usage
[7, 8, 10], the need for quality data and metadata was
raised as an important requirement for NILS users. Anal-
ysis of CI results also highlighted a range of needs in rela-
tion to functionality, training and support, which have
been highlighted to be key priorities for open data infra-
structures across multiple local and national projects.
Notably, following a survey analysis of Open Govern-
ment Data Infrastructures (OGDIs) across 52 countries,
Zuiderwijk and De Reuver concluded that even more
influential than issues of data quality and metadata is the
type and range of functionality available to users, as well
as the types of supports provided to users. Following this
analysis, Zuiderwijk and De Reuver suggested that a key
focus of data infrastructure design should include tools
to enable data analysis, interpretation and visualization,
as well as training support, and contact points that coor-
dinate and deliver user support services (for example,
help desks) [35].

The CI process used by the NILS RSU team proved
to be a key input at a critical point in the evolution of
NILS. It informed the framing of a new programme
for the continued funding and development of NILS
infrastructure, highlighting key constituencies of stake-
holders and potential users who could be better served
through enhancements in communication and engage-
ment. The COVID pandemic saw secure room closure
and increased demands on public service resources,
causing several NILS projects to be paused. Conversely,
the resources consolidated within the new NILS website
provided a new window of opportunity to learn about
the NILS data and its potential uses. Furthermore, the
COVID experience has bolstered the case for several
NILS data access enhancements proposed in the course
of the CI workshop, including facilities for data access via
secure remote connections. Additionally, use of synthetic
data for preparing data and analysis protocols was invalu-
able and has been permanently made available online.

Participatory design of data infrastructure has contin-
ued through collaborative conversation with Belfast City
Council along with a range of data custodians that can
work together to address Northern Ireland’s most press-
ing issues: sustainable planning of built environments,
educational inequalities, employment and mental ill-
health. Furthermore, the convening of a Northern Ireland
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Administrative Data Researcher’s User Forum represents
an attempt to bring researchers into an ongoing consulta-
tive dialogue with data custodians. It also serves to bring
together researchers using a range of facilities, includ-
ing NILS, Health and Social Care (HSC) records curated
by the HSC Honest Broker Service, and bespoke linkage
projects drawing from wider administrative records.

The Collective Intelligence workshop marked an
important staging post in thinking across the bounda-
ries of different disciplines and types of records. With
increasing trust among data custodians in the proce-
dures, systems and research culture around the NILS, a
greater amount of data at small-area level concerning, for
example, migration, education and the physical environ-
ment have been made available to researchers.

Key challenges and limitations

When it comes to addressing societal challenges and sup-
porting deliberative and participatory approaches to pol-
icy development and project implementation, ongoing
stakeholder-engaged CI design of government data infra-
structures is important to enhance and sustain informed
engagement and shared understanding. However, it has
been noted that national administrative data are seldom,
if ever, “research-ready” in their raw form, and the labour
of matching and combining separate data sources into
standardized presentations of variables is often challeng-
ing [36]. McGrath-Lone et al. identified key attributes
of a research-ready data resource, in particular, that it is
accessible, broad, curated and documented. Even where
these conditions are broadly in place, researchers can
encounter trade-offs, for example, between data acces-
sibility versus breadth and precision [37]. In the case of
national census data, the number of topics which can
be addressed through a nationwide survey is necessarily
limited, as is the depth to which those topics are inves-
tigated. Some data will be protected from secondary use
out of concern for citizens’ privacy. This may be con-
trolled at the access stage, through monitoring of output,
reporting or a combination. Therefore, a group or social
intersection which is so small as to risk identifying indi-
viduals which fit those combined descriptions is likely to
be removed from the dataset or aggregated into a larger
group to protect privacy. Similarly, the degree of geo-
graphical specificity which can be reported is subject to
risk assessment and control.

These limitations give rise to a wider challenge for the
dissemination and use of national linked data and related
open data platforms, namely that the expectations of
potential users may be misaligned with the knowledge
that can be gained from these resources. Furthermore,
findings from datasets which rely upon proxy measures
and where there is limited scope for follow-up analysis
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may ultimately be of limited interest to policy-makers
and practitioners. A way to circumvent these difficulties
is through involving stakeholders in identifying analytical
priorities and new data infrastructure affordances that
enhance the use of data. For this to be successful, engage-
ment should be underpinned by mutual respect for stake-
holder expertise and for the responsibilities of analysts
and system designers.

Conclusion

Our primary objective to improve government data infra-
structure and to increase dissemination and the impact of
research based on data was a complex and multifaceted
challenge due to the number of stakeholders involved
and their often conflicting perspectives. In the absence
of a systematic approach to reconciling these viewpoints,
building a shared vision for system design is difficult.

As the NILS RSU team look to the upcoming Census
2021 linkage, the CI report has been pivotal in high-
lighting how RSU can work collaboratively with users
to maximize the potential of this data, in terms of form-
ing multidisciplinary networks to ensure the research is
addressing gaps in policy and in the literature and pro-
viding academic support and resources to attract new
researchers. The current CI design project has high-
lighted the importance of engagement and collaboration
with users to quickly adapt to changing needs, which has
been highlighted by the pandemic. The changes already
implemented by the RSU have improved the infrastruc-
ture immeasurably and have gone some way towards our
vision of NILS as an invaluable data resource within the
Northern Ireland data landscape.
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