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This paper investigates the challenges of designing a computer supported collaborative environment aimed at facilitating co-
production processes, i.e., those collaborative processes between Public Administrations, private stakeholders and citizens
that aim at the design of public services, their implementation, and their shared delivery to the community. We argue that, for
such a digital platform, different types of socio-technical requirements should be considered, i.e., those related to governance
models and associated collaboration dynamics; requirements that may emerge from the specific type of public service to
design; as well as user and technical requirements common to all e-government platforms. This research informed the devel-
opment and testing of a digital collaboration platform that offers guidance on how to organize a co-production initiative and
a network of stakeholders, functionalities to support collaborative work, and enablers (in the form of reusable knowledge
and digital resources) to perform the sequence of steps to produce a public service. The lessons learned from the iterative
platform development process and a preliminary evaluation study conducted with three Public Administrations in differ-
ent European countries pointed at specific functionalities that are perceived as most crucial and at different appropriation
practices that depend on the organizational structure of the involved Public Administrations and related multi-stakeholder
networks. The innovation that is brought about with respect to general-purpose platforms for computer supported coop-
erative work is represented by the operationalization of co-production processes, with step-by-step guidance and potential
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reuse (with adaptation) of ready to use resources and processes. Based on the results of our research, general guidelines are
also proposed for the design of future digital platforms supporting co-production.
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1 INTRODUCTION

This paper contributes to the ongoing debate on public governance by exploring the role of technology in facil-
itating the co-production of public services [31, 76, 53]. Public service design and delivery is expanding beyond
organizational and sectoral boundaries and new paradigms that encourage the collaboration between public legal
entities and the civil society are receiving growing attention [9, 82]. In this context, the role of ICT in supporting
these innovative practices is considered crucial, even though it is still debated [47]. An example of co-production
is the collaborative development of childcare services where the Public Administration (PA), third sector ed-
ucation associations, private insurance companies and parents themselves collaborate to the design and directly
contribute to the delivery of the service [37, 18]. Policymakers and governments can play a valuable role by cre-
ating and providing an ecosystem that supports co-production. This requires consolidating legal, regulatory and
policy framework conditions able to foster coordination between actors, ensure the provision of information and
evidence on needs and demands, create opportunities, and facilitate cross-sectoral coordination, as well as pro-
vide guidance and support [72]. The need for effective measures to help public-private heterogeneous networks
of stakeholders work together is also of utmost importance.

There are several examples of co-production initiatives that have taken advantage of the potential of digital
technologies to create innovative services [20, 70], often with a focus on solving local challenges around mobility,
education, health, energy, and digitalisation [23, 71, 57]. However, even though Information and Communi-
cation Technology (ICT) is often at the core of the co-delivery of the created services (e.g., in the form of online
digital portals or mobile apps for citizens), digital tools are used in a more fragmented way throughout the overall
complex co-production process that unfolds into stakeholders’ engagement, service co-design, decision-making,
service development, service execution, iterative assessment, and sustainability planning. Moreover, financial,
technical, and cultural barriers may exist that prevent the pervasive use of ICT in the different phases [16].
Despite these entrance barriers, ICT holds the promise of addressing key challenges that hinder co-production.

To contribute advancing the scientific debate on ICT-based co-production, this paper investigates the following
overarching research question:

* RQ: How can we systematically and effectively design a digital platform that can support the co-
production among the government and its multiple stakeholders?

The Design Science research methodology [63] suggests starting the research journey by understanding
the problem to solve and the objectives for the solution to design, before proceeding with the design and
development, demonstration, evaluation, and communication of the lessons learnt. In our case, this first meant
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understanding the barriers and challenges to co-production and to the usage of ICT in its support, as well as
defining the objectives and main principles at the bases of the proposed platform.

Studies showed that among the main challenges in implementing co-production processes, key issues include
the lack of clear theoretical frameworks guiding public managers, insufficient managerial skills, the need of tools
for effective implementation and capacity-building, and a lack of awareness among public managers about the
concept of co-production. This calls for enhanced management education in this area [73]. Other studies pointed
out that PAs often struggle to define “where to start from” when initiating co-production efforts [49]. They may
lack structured ways to manage workplans and documentation, they may encounter difficulties in managing
tasks and handovers, or in keeping up with processes that last many months and even years. Technology is not
used systematically, and a mixture of different devices are exploited. Inadequate planning for the regular use of
ICTs is recognized as a main barrier [16]. Public Administrations do not rely on a consolidated corpus of practices
or past experiences; they must instead reconfigure the process each time [48]. In summary, research indicates
that PAs require guidance in effectively managing the numerosity and heterogeneity of actors involved and the
evolving structure of the collaborative network, with the related bureaucratic and cross-organizational barriers
[33, 48]. Support is also needed to lower the costs of citizens engagement and to improve its effectiveness [34], by
providing collaboration settings able to lower the perceived power asymmetry between public officers and citi-
zens [46]; by enabling the monitoring and iterative evaluation of the process [48]; and ensuring its accountability
and sustainability [24].

Addressing these challenges with the usage of ICT requires a change of perspective, since the problem is not
focused on a specific stage or aspect of co-production but spreads through the process and requires an overarch-
ing approach. However, the concept of providing digital support throughout the entire co-production journey,
considering the flexibility required to deal with diverse governance contexts and diverse application domains, is
still underexplored [6]. More studies are also needed to evaluate the impact and effects of ICT solutions on co-
production practices [47]. Research gaps in the current literature are thus related to (i) how technology designers
and developers should approach the implementation of digital platforms supporting co-producers throughout
their venture, including the possible replication of concluded successful processes, as well as to (ii) the evaluation
of systems deployed in real use cases.

The work presented in this paper contributes to filling these specific research gaps by making sure that the
investigation to the main research question RQ above included the following research subquestions:

* RQ1: Which are the requirements that should drive the design of a digital platform facilitating the entire
co-production process, starting from the initial idea generation to the actual collaborative delivery of
public services and their sustainability?

* RQ2: Which are the aspects of digital support that are most valued by PAs, when evaluated in diverse and
concrete co-production scenarios? And what can we learn to improve the design of governance platforms
for ICT-based co-production?

Stemming from the research questions and adopting the Design Science research methodology [63], our re-
search aims to tackle the social and technical challenges of ICT-based co-production. This serves as the foun-
dation for designing, developing, and evaluating a computer-supported cooperative work environment [36] to
facilitate co-production processes, i.e., those collaborative processes between PAs, private stakeholders and citi-
zens that aim at the design of public services, their implementation and shared delivery to the community [76].
The ultimate objective is the realization of a digital collaboration platform with a user friendly and accessible
front-end that offers: (i) guidance on how to organize a co-production initiative and a network of stakeholders; (ii)
functionalities to support collaborative work; (iii) a catalogue of enablers (in the form of reusable knowledge and
digital resources) to aid the execution of a range of actions required to design and produce a public service; (iv)
guidelines and methods to make sure the produced service complies with national and international regulations
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and directives (e.g., for electronic identification and General Data Protection), and properly addresses gover-
nance issues, business and societal aspects (e.g., through partnership agreements, sustainable business models).
To reach this ambitious objective, our research started from a background analysis of the problem, which then
informed the identification of the objectives and of the multi-dimensional requirements that come into play
and that depend on the governance models impacting on co-production processes, on the specificities related
to the type of public service to realize, and on other recognized standards on usability and technological con-
straints (RQ1). Requirements were then converted into design solutions for a digital collaboration platform and
into constraints for prioritizing its functionalities and developing the first software prototype. An evaluation
study allowed testing the perceived usefulness and impact of the system with three different PAs and related
networks of stakeholders, which resulted in further requirements for platform extension. The lessons that have
emerged point at the importance of step-by-step guidance and of potential reuse (with adaptation) of ready to
use resources and processes, but also at open challenges for future work in this field (RQ2).

The paper is organized as follows. Section 2 discusses the related literature. Section 3 introduces the envisaged
concept of a digital platform to support processes of public service co-production and describes the overall
methodology used to set up our research plan to answer the general research question RQ. These introductory
sections provide the background for the multidimensional requirements that are discussed in Section 4 and that
provide an answer to research subquestion RQ1. Section 5 describes the first prototype that was designed and
implemented out of the distilled requirements, while Section 6 presents the results of the user study aimed
at investigating RQ2 and that was conducted with representatives of three different PAs (in Latvia, Italy, and
Spain), involving about 224 participants engaged in co-production. The discussion in Section 7 elaborates on the
research findings to distill general guidelines to help the work of designers working on platforms for ICT-based
co-production. The conclusion summarizes major findings and critical issues, with directions for future work.

2 RELATED WORK
2.1 Co-production and New Forms of Governance

Co-production of public services means that services are not only delivered by professional and managerial staff
in public agencies but also collaboratively produced and then delivered by citizens and communities [8]. For this
reason, co-production is a more inclusive way of developing and delivering public goods and services, a new form
of governance in which citizens and private actors - including non-governmental and civil society organizations
- are involved in the overall creation and execution process, as well as in the long-term sustainability of services
[76]. Co-production emphasizes people as active agents, not passive beneficiaries; and, in large part because of
this alternative process, it tends to lead towards better outcomes in the long-term. This growing interest towards
new and more participative governance models has emerged because of the failure of the traditional top-down
system for providing public goods and services [27] and because of the recent socio-economic crisis and the
related challenges public services are facing, such as increased demand, rising expectations and, in many cases,
reduced budgets [12]. Linders [50] points out that the distribution of power and responsibility among public and
private actors may vary significantly, giving rise to different governance models underlying co-production. “Cit-
izen Sourcing” (or Citizen to Government, C2G) happens when citizens help the government improve public
performance and more effectively satisfy the public’s wants and needs. “Public-Civic Partnership” (or Govern-
ment with Citizen, G+C) occurs when the government and citizens share equal power and responsibility.
“Government as a Platform” (or Government to Citizen, G2C) occurs when the government helps citizens
improve their day-to-day productivity, decision-making, and well-being by offering a facilitating platform. “Do
It Yourself Government” (or Citizen to Citizen, C2C) occurs when citizens help themselves and one another;
in this case, the government plays no active role in day-to-day activities but may provide a facilitating frame-
work. Different governance models imply different collaborative processes, which therefore can be facilitated
and impacted by the introduction of ICT in a varied way [50].
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Table 1. Sample Co-production Phases, as Discussed in [7]

Co-Engagement Co-Design Co-implementation  Co-sustainability

- Identification and engagement of - Problem and solution - Service - Service handover and
stakeholders exploration implementation maintenance

- Formulation of a shared problem - Service design and - Service delivery

definition specification - Co-evaluation

- Co-evaluation - Co-evaluation

Despite the growing recognition of the benefits of co-production, studies suggest that co-production compli-
cates governance and accountability, and needs high levels of trust among the various parties to successfully
achieve results [78]. To achieve co-production processes and effectively impact policies and mainstream public
services, several requirements have been identified. Firstly, the right organizational structures and culture should
be developed, with low centralization and high connectedness among actors, and with an ethic of mutuality and
equality between the different actors involved, including civil society [73]. Three main interconnected sets of
resources and capabilities are required to carry out successful co-production initiatives: (i) analytical resources
to ensure policy action; (ii) operational resources to mobilize and deploy means, to carry out coordinated actions,
and engage policy networks, communities, and individuals; and (iii) political support and resources to ensure
political legitimacy and two-way communication with non-state actors [38]. Finally, co-production calls for cit-
izen participation and for a more active citizenship in service delivery, in addition to a more active role for third
sector organizations [60].

The work presented in this paper particularly focuses on operational resources to facilitate coordinated ac-
tion and to monitor and manage the involvement of heterogeneous networks of stakeholders. We also take a
technological stance to investigate the supportive role of ICT.

2.2 Models of Co-production

Co-production encompasses a diverse range of practices and activities. Depending on the level of citizens’ in-
volvement, on the type of service, and on who is taking the initiative, different strategies, activities, and re-
sponsibilities may be needed. The identification of the actual sequence of phases to be followed by networks
of public-private stakeholders to co-produce services is a subject of debate and research. Besides the main co-
design [83] and co-deployment phases [11, 1], studies recognize the crucial importance of the preliminary phases
of commissioning [55], and of political sponsorship [48], stakeholders’ engagement [83], assessment [55], and
sustainable service maintenance in the long-term [7]. Although it is not possible to freeze co-production into a
one-fits-all model of programmatic steps to perform, it is possible to identify phases and activities that are cru-
cial for every co-production initiative (like formulating a shared problem definition or identifying and engaging
stakeholders), phases that should iteratively occur periodically (like evaluation points and go-no-go moments),
and optional phases that may be included in certain co-production contexts (like the planning of maintenance
for co-produced digital services). Brandsen et al. [7] propose an analysis of co-production phases and the re-
lated governance issues that stakeholders should consider and solve. Sample phases and subphases are shown in
Table 1. For example, governance issues for the subphase “Identification and engagement of stakeholders” are:
Which stakeholders should be involved in the project? Who would use/provide/be affected by the new service?
When to involve stakeholders?

In our ICT-based research, the need to accommodate the variety of co-production models and processes stem-
ming from different governance contexts and application domains has been considered as an important require-
ment for flexibility and guidance: digital tools need to help co-producers build capacity and find the tailored path
that solves their specific problem.
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2.3 ICT-enabled Co-production

Governments increasingly rely on ICTs to encourage the co-production of public services by their adminis-
trations and citizens [53]. “ICT-enabled co-production” is the term used to refer to the use of ICTs to support
engagement in the co-production of public services [16]. The role of ICT matters in both instrumental and
institutional terms [53]: on the one hand technology facilitates practices of co-production; on the other hand,
it transforms these practices into more social and ‘playful’ interactions. Digital technology has the potential
to facilitate new connections within the community, enabling the establishment of relationships that were
previously hindered by geographical dispersion of users. Moreover, it can empower participants by fostering
shared sovereignty and responsibilities in the co-design of services [61]. The impact and role of ICT also depends
on the policy domain, the institutional situation, and the existence of citizen communities. Lember et al. [47]
propose an analytical framework to account for the conditions in which digital technologies impact on various
elements of co-production, starting from the assumption that four elements can be identified in co-production:
establishing interaction, motivating the people involved, bringing resources, and shared decision-making. A
literature review on ICT-enabled co-production [87] suggests that ICTs are often used by PAs with the objective
to improve effectiveness, efficiency, engagement, and inclusiveness in co-production. In fact, ICTs may improve
the understanding of public needs due to the possibility of more easily collecting and exploiting large amounts of
input from citizens (effectiveness). They also help reduce PAs’ costs for service design and delivery by scaling-up
networks of public involvement and taking advantage of citizens’ and other stakeholders’ time, knowledge,
and expertise (efficiency). Furthermore, they allow democratic participation and interaction (engagement and
inclusiveness). Yuan also notices that, when combined with the Internet of Things technology, ICTs also offer
new ways to collect and process large amounts of data useful for delivering public services, both with the active
collaboration of citizens or in an automatic way [87]. However, authors also suggest that it is hard to predict
whether ICT will positively impact co-production and that the associated effects should be studied considering
the different groups of actors involved as well as the type of digital technology considered [47]. As a matter of
fact, the quality of citizens’ contributions, the digital divide, the governments’ commitment, and the capabilities
to integrate citizens’ contributions, might influence the effect of ICT-based co-production [87].

Studies also identified several challenges and barriers that prevent PAs, companies, and citizens from fully
exploiting the potential of ICT to co-produce and co-deliver services. Clifton et al. [16] identified barriers such
as the shortage of financial resources required to set-up and maintain an ICT-enabled co-production initiative,
and the lack of a skilled workforce able to coordinate and execute related activities. Additionally, the lack of
planning for the day-to-day ICT use may also lead initiatives to fail. Other barriers are related to the complexity
of legal regulations that can prevent governments from adopting ICTs and can cause delays in the deployment of
solutions. Finally, the lack of technical literacy along with cultural barriers - such as a negative attitude toward
ICTs - could lead to a scarce participation of both citizens and government staff: while government staff may
perceive ICTs as potentially controlling and intrusive, introducing too much rigidity to the organization, citizens
might fear that ICTs could invade their privacy. Other barriers identified by Sorrentino et al. [76] are related to
the often informal and experimental nature of most co-production initiatives, and to “the difficult scaling up and
dissemination of the experiences”.

Brandsen et al. [6] elaborated an interesting comparative analysis of eight recent digital platforms supporting
co-production. What emerged from the study is that often the devised digital solutions are tailored to support
specific phases of co-production, either co-design or co-delivery, for example to help users create groups to unite
people around specific themes, projects, or cases and let public organizations actively search for local residents
and experts who can contribute to policy-making processes (co-design) [81]; or to offer citizens and companies
a smart infrastructure to carry out and fund bottom-up services and activities in their local neighborhood, also
leveraging open public data and energy management (co-delivery) [77]. Digital platforms spanning across dif-
ferent co-production phases do exist but are usually customized to work in specific application domains, like
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participatory urban planning [41] or collaborative information provision and refinement about public services
[62]. The concept of providing flexible digital support throughout the entire co-production process, for diverse
governance contexts, and for diverse application domains, is still underexplored.

In the research presented in this paper, we explain how the challenges and barriers to ICT-enabled co-
production emerged from previous research have been translated into requirements for digital functionalities and
properties to guide the design of a collaborative environment operationalizing co-production processes (in reply
to research question RQ1). To contribute to filling current gaps in understanding how ICT impacts co-production,
an iterative design-develop-evaluate approach was adopted involving PAs not only as initial informants, but also
as essential evaluators and feedback providers of the implemented solutions through two evaluation iterations
(to provide input for research question RQ2).

3 METHODOLOGY

The investigation presented in this paper was conducted as part of the INTERLINK research project that aimed
at answering research questions RQ, RQ1 and RQ2 by designing and testing an ICT-based platform that facili-
tates public service co-production and provides knowledge and software resources to guide and monitor service
creation and delivery [51]. Digital functionalities required to support co-production go beyond the functionali-
ties offered by general-purpose platforms for online teamwork or project management. It is expected that more
targeted information and guidance is necessary on how to create inclusive networks of stakeholders; how to mo-
tivate them to participate in the long run; and how to organize and facilitate activities for collaborative problem
analysis and service design. Practical examples, templates and reusable materials can make a difference in cre-
ating PA’s capacity for co-production. Reusable applications and software components compliant with national
and international regulations for public services could also reduce development costs and effort. At the same
time, clear examples of co-business models for the long-term sustainability of services may be determinant to
incentivize co-delivery. In addition, regulations impose specific restrictions and recommendations on the digital
services adopted by PAs [25, 26]. Therefore, the INTERLINK research work lies at the intersection between the
fields of Computer Supported Cooperative Work (CSCW) [36], eGovernment [32, 19], and software devel-
opment for PAs [26, 3].

The adopted research methodology is grounded on the Design Science Research Process (DSRP) [63] which
identifies six main steps for information systems research: problem identification and motivation, objectives for
a solution, design and development, demonstration, evaluation, and communication. The communication step,
in particular, maps what in our case study is represented by the distilling of lessons learned and guidelines for
ICT-based co-production and their sharing with the research community. DSRP was integrated with the Human-
Centred Design (HCD) methodology [44], which is based on a multi-step journey beginning with understand-
ing and specifying the context of use, followed by defining user requirements, generating design solutions, and
finally evaluating results. HCD advocates the adoption of multidisciplinary skills and perspectives, as well as the
involvement of users and stakeholders throughout design and development. According to the iterative approach
at the base of HCD, our research was structured in three iterative cycles of (re)design, development, and evalua-
tion. The initial phases of context analysis and requirement elicitation took advantage of governance research to
better understand known barriers and opportunities for ICT-based co-production. Requirements elicitation also
integrated the Scenario-Based Design methodology [14] to directly involve stakeholders from the PA sector for
envisioning technology future use possibilities.

The resulting methodological approach unfolded in the phases illustrated in Figure 1 and detailed here below.

(1) Problem understanding, objectives definition, and socio-technical requirements. In the initial
phase, desk research on co-production and governance literature was performed to identify the known
needs and barriers related to the potential usage of ICT to support the execution of co-production pro-
cesses. This study was complemented with the collection of technical standards for digital platforms
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Fig. 1. The methodological approach followed for the design, development and evaluation of the digital platform supporting
co-production. Phases in gray indicate the aspects that are discussed in more detail in the paper.

for PAs and eGovernment platforms from EU guidelines and publications. To guarantee the imagined
technological intervention grounded on actual ways of working, different activities involving local and
central PAs were organized using several methodologies, i.e., the focus group methodology [85] to ana-
lyze current co-production practices; the personas methodology to analyze stakeholders’ needs and roles
[17]; and the scenarios methodology to refine shared views of how technology can be incorporated into
existing practices [14]. User-centered activities during this phase involved 15 representatives from three
different PAs. The collected information was elaborated to translate theory, standards, and user desider-
ata into actual system requirements, formally described according to an approach similar to the Volere
methodology [67].

(2) Design. A list of functionalities was elaborated and mockups of the user interface were sketched and
iteratively validated by user-centered design experts to check the interaction flow before implementation.

(3) Development of system alpha version. An alpha version of the digital platform was implemented
featuring a set of major functionalities to offer guidance to PAs for setting up co-production and for sup-
porting collaborative activities of heterogeneous networks of stakeholders, including citizens.

(4) User evaluation. Afterwards, usability tests considered the implemented functionalities one by one, to
investigate how to improve the user experience and check whether the design succeeded in implement-
ing the initial requirements. Usability testing was carried out by means of a heuristic evaluation ses-
sion (with three usability experts) [59], and of end-user testing. Six individual sessions were organized
with PA representatives to collect focused and structured feedback while users executed a controlled
task with the platform, by means of observations and concurrent think-aloud methodology [84]. After the
individual user tests, further reflection was stimulated in a collective brainstorming session. Additional
usability shortcomings emerged from sessions of free system exploration that involved 22 end-users in
total.

(5) Development of system first prototype. The list of identified usability issues informed a refinement of
the system interface design and eventually brought to the finalization of the first consolidated prototype
of a digital collaborative environment supporting co-production.
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(6) Pilot system usage. The digital platform was subsequently used by three PAs to carry out three sample
use cases of public service co-production involving 224 participants overall, during a time span of 4 months.
Usage data was automatically collected by the system, while researchers observed some end-users’ activ-
ities, and end-users themselves reported their experience in ad-hoc questionnaires (88 respondents).

(7) Post-pilot reflection. At the end of the pilot experiment, a reflection phase was organized in collabo-
ration with the three involved PAs (12 representatives) to evaluate how the digital platform was used in
practice and how it impacted on co-production activities. The evaluation was facilitated by a structured
questionnaire and an online workshop where participants were asked to rank current and potentially new
functionalities by perceived usefulness.

(8) Design refinement. The evaluation findings were complemented with a brainstorming session during
which end-users were invited to envisage revisions and extensions of the digital collaborative environ-
ment.

(9) Development of the final prototype and lessons learned. The redesign indications enabled the de-
velopment of a second, improved system, and were generalized into lessons learned and guidelines for
ICT-based co-production.

In this paper we particularly focus on the steps highlighted in gray in Figure 1, i.e., on discussing the analysis of
the socio-technical requirements (step 1); the design choices related to system functionalities with a description
of what was implemented in the system first prototype (steps 2 and 5); and the results of the system evaluation
and post-pilot reflection phase, with related re-design requirements, and the lessons learned that emerged from
this articulated process for ICT-based co-production (steps 7, 8, 9).

4 UNDERSTANDING THE CONTEXT AND DISTILLING SOCIO-TECHNICAL REQUIREMENTS

To start exploring our general research question (RQ) on how to effectively design a digital platform that
can support co-production, we went through the first two steps of the Design Science methodology, i.e., the
problem identification and the definition of the objectives for the information system. The aim of this stage
was the specification of a detailed set of socio-technical requirements that describe in which way the system
should solve the many facets of the problem. Indeed, requirements elicitation is the process of learning and
understanding the problem to be solved and the needs of users and related stakeholders, with the ultimate aim
of communicating these needs to the system developers. It is a multifaceted process that requires understanding
the application domain, current practices and imagined scenarios, as well as the lessons learned from similar
systems [88]. Identifying socio-technical requirements entails considering human, social, and organizational
factors as well as technical factors to guarantee that the technical and organizational aspects of a system are
considered together [5].

This means that for the elicitation of the socio-technical requirements informing the design and implemen-
tation of a digital platform for co-production, it was necessary to integrate different perspectives. First of all, to
improve our understanding of the application domain we turned to contemporary research studies addressing
new governance models open to civil society participation. This analysis allowed us to distill key insights from
existing findings on opportunities and challenges related to ICT-based co-production to be translated into practi-
cal guidelines for high-level system design (top-down governance requirements). Secondly, talking with potential
users about concrete and diverse use cases helped understand how the specificity of the public services to design
impacts on the necessary flexibility and customization of the digital platform (bottom-up use case requirements).
Lastly, a collaborative environment that supports the co-production of public services (and thus provides digital
functionalities to PAs, private stakeholders and citizens for them to work together, contribute ideas, take deci-
sions, negotiate service co-delivery....) needed to comply to all the standards envisaged for digital platforms used
by PAs as well as for e-Government platforms that provide a contact point between PAs and citizens (technical
requirements).
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For simplicity, in the following sections the targeted platform will be named “Collaborative Environment”
(often abbreviated as CE).

4.1 Co-production Problems and Top-down Governance Requirements

As principles related to collaborative governance models are essential to understand how technology should
be designed to support co-production practices and cross-organizational collaboration, a systematic literature
review was conducted on the influential factors and methods of citizen engagement within co-production pro-
cesses, which attempts to summarize and combine existing research on the topic of digital and non-digital co-
production and identify both findings and gaps [7]. Further study work was focused on the challenges and op-
portunities for ICT in co-production [16, 38, 47, 48, 53, 61, 76, 87]. The findings that emerged from the literature
were analyzed and translated into high-level requirements for the Collaborative Environment, as follows:

R1. Raise awareness and build capacity in co-production. PAs who are new to co-production might have
difficulties in understanding if a collaborative approach is suitable for them. This is related to the novelty that
participatory approaches represent for PAs, to their scarce experience, and to the lack of good practices and
success stories that help build capacity [49]. The CE should provide orientation information to help PAs better
frame their context and understand how co-production can help.

R2. Overcome cultural barriers by providing clear added value for co-production. Negative percep-
tions and fears on the part of government staff about ICTs may significantly undermine their active participation
in ICT-enabled co-production [16]. Flexible and adaptable solutions are required that do not introduce additional
bureaucracy to processes. New digital tools should provide information and guidance closely related to existing
work practices and to the specific co-production task users need to undertake, so that they can clearly perceive
the added value with respect to general-purpose tools they already use [49].

R3. Guide users in managing the process. There may be different co-production paths according to dif-
ferent government models, stakeholders involved, and types of services [9, 11, 19, 1, 55]. To avoid PAs getting
lost in the process, the CE should provide effective step-by-step guidance by suggesting actions to perform and
appropriate resources to use to help complete such tasks, even though flexibility should be guaranteed.

R4. Support the management of the network. The lack of proper management and leadership of the
collaboration network, and the fact that nobody “owns” the outcome results might lead to low commitment to the
project [64]. This is particularly amplified by the specific inter-organizational and intra-organization specificities
of public bodies and the complexities of institutional relationships [49]. A collaborative venture needs a reputable
stakeholder to play the role of initiator and facilitator of the collaboration, i.e., the "convener" of the collaborative
network [80, 45]. The CE should guide coordinators (or conveners) in understanding which skills are needed in
the different phases of the process, defining which the related roles and responsibilities are and making them
transparent to other members, supporting the network of stakeholders in sharing knowledge, open discussion
and decision making. A clear coordinator role should be defined, with access to advanced functionalities that are
hidden from other participants.

R5. Offer a catalogue of reusable resources to lower the financial impact of ICT use. Shortage of fi-
nance is a common barrier to a government’s promotion of ICT-enabled co-production and financial impediments
to the deployment of ICTs in co-production are reported as lower when governments or public agencies opt to
use low-cost ICTs [16]. This approach implies the risk of fragmenting the digital support to co-production into
many different tools, thus increasing complexity and conflicting with requirement R2 above. As an alternative
approach, the CE should experiment with a centralization of resources, so that PAs dealing with co-production
can find in a unique reference place reusable resources to ease their task. Digital functionalities should be made
available within the platform to support collaboration dynamics. At the same time, a selected number of reusable
software components should be made available to lower the implementation costs of the targeted public services.
Guidance must be provided on sustainability issues, and on how to select the most appropriate third-party ICTs
considering different aspects, like maintenance costs and regulatory framework.
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R6. Contribute to technical capacity with knowledge resources. The lack of a skilled workforce consti-
tutes a barrier to co-production. Furthermore, the lack of planning for the day-to-day ICT use may lead to the
failure of ICT-enabled initiatives [16]. The CE should provide information on how ICT can be exploited through-
out the whole co-production process (e.g., practical recommendations, best practices, risks related to potential
technical failures, etc.). Furthermore, the CE should incorporate targeted knowledge resources to meet the spe-
cific requirements of the PAs that are opening their processes of public service design to relevant stakeholders
[56, 83]. The objective is to operationalize knowledge by combining co-production know-how with a digital
platform that guides and supports its use [79].

R7. Enforce transparency and ensure privacy. A lack of trust in the government tends to reduce the par-
ticipation of citizens in ICT-enabled co-production. Additionally, citizens could fear that ICTs may invade their
privacy [16]. The CE should ensure the transparency of collaborative processes and deploy privacy-preserving
solutions that are clearly communicated to users.

R8. Provide legal framework. Another barrier experienced by governments is the complexity of legal issues
that can prevent them to take-up ICTs [16]. For instance, the deployment of ICT solutions in co-production faces
significant delays due to complex challenges related to legal regulations concerning data protection and privacy.
The digital platform should support privacy by design [15] and offer guidance on how reusable software may be
deployed and managed in compliance with norms and regulations.

R9. Usability of solutions and training. Lack of technical skills, along with a negative attitude toward ICTs
tends to reduce the participation of citizens in ICT-enabled co-production [16]. More in general, the adoption of
a new technology is affected by many factors. Usability is an important factor, but other factors play a crucial
role: accuracy, price, physical appearance, security, function, interoperability, and robustness are all independent
factors affecting user acceptance [42]. The CE should promote bottom-up processes and ICT training as measures
to encourage stakeholders’ participation. Besides, the CE should ensure high usability and acceptability through
a design process that iteratively evaluates the developed solution with end-users and incorporates their feedback.

4.2 User Research and Bottom-up Use Case Requirements

To ensure the design of the CE was user-centered, a scenario-based design approach [14, 68], enriched with
the use of personas [17], was adopted to foster an active participation of stakeholders and end-users in the
definition of requirements. Scenario-based design consists in presenting and discussing stories that represent a
specific problem or technology in use with different purposes [10], namely to identify needs and problems; to
present and situate potential solutions; and to illustrate and discuss alternative solutions.

Three use cases of PAs in Europe in need of co-producing a public service in collaboration with a heteroge-
neous network of public-private stakeholders were involved in the requirements elicitation process. The three
use cases were selected to represent a variety of intents and dynamics: e.g., central vs. local PAs; low vs. high
citizens involvement; and governance models involving different shares of power and responsibility. This va-
riety ensured that distilled requirements incorporated the flexibility inherent in the co-production process, as
discussed in Sections 2.1 and 2.2 above.

(1) The Italian Ministry of Economy and Finance (MEF for short) was interested in investigating whether
co-production methodologies can help produce digital services for the public sector with high acceptance
and adoption rates. To this aim, they focused on testing the co-design of a new digital tool to support
strategic planning tasks of public bodies. They envisaged a co-production process involving the participa-
tion of PAs, civil servants, government stakeholders, and service companies [49]. The governance model
underlying this use case is Government as a Platform (G2C) [50], a specific type of co-delivery, in which the
government offers a digitally enabled governance framework for the delivery of services by other public
bodies, citizens and private actors.

(2) The Latvian Ministry of Environmental Protection and Regional Development (VARAM for short)
was interested in investigating whether a co-production approach increases the usability of citizen sourced
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information for policy shaping. To this aim, they experimented with the collaborative refinement of mu-
nicipal digital services’ descriptions with the involvement of municipalities, citizens, digital agents, and
state customer service centers. The governance model underlying this use case is Citizen sourcing (C2G)
[50], which occurs when the government designs and delivers a service but asks citizens for the voluntary
commitment of resources to improve the service itself.

(3) The Municipality of Zaragoza, Spain (ZGZ for short) was interested in widening Open Innovation
within the city by co-creating and co-delivering services together with citizens. To this aim, they ex-
perimented with the co-production of initiatives to take place in Etopia, a public space in the city hosting
creative and innovation activities. The governance model underlying this use case is Public-Civic partner-
ship (P+C) [50], which occurs when the government, citizens and private actors share equal power and
responsibility. Each side brings their unique advantages to the table to collaboratively solve problems and
create public value.

The three analyzed use cases highlight the potentially large heterogeneity of co-production processes that
may differ by objectives of PAs in relation to co-production; actors involved; level of participation of citizens or
associations of citizens; type of service to be co-produced; and resources needed to carry out the co-production
process.

During an initial focus group, 15 PA representatives (10 for MEF, 3 for VARAM, and 2 for ZGZ) were invited
to reflect on their co-production objective and on the social and organizational context in which co-production
would take place. A two-page template was distributed to collect information on the public service to be co-
produced; on the desired future scenario in which the service would be delivered; key actors and roles; related ini-
tiatives; available resources, desired additional resources and desired digital support to sustain the co-production
of the public service.

After this preparatory activity, use case coordinators were guided through the generation of personas (6 for
MEEF, 6 for VARAM, 4 for ZGZ, taking into account different actors engaged in co-production) and the description
of their relationships. Personas, i.e., fictitious profiles of service end-users and stakeholders [69] that act as a
benchmark for design, encouraged teams to reflect on the actors involved in the service to be co-produced, i.e.,
on the potential co-producers. The generated personas were used to describe three scenarios of co-production,
i.e., the process by which a network of stakeholders collaborates to create and deliver a new public service. PA
representatives were invited to imagine co-production needs that could be solved by means of digital technology
and reusable knowledge resources. Table 2 summarizes the requirements that PAs mentioned as useful in their
use case. As it can be observed, some of the requirements refer to functionalities that could be integrated directly
inside the Collaborative Environment, such as tools for workplan scheduling or tools for managing incentives
and rewards to sustain participation (U1, U9). Other requirements call for software modules to be used to support
specific tasks, such as an editor to collaboratively revise texts appearing in web pages (U8, U11-U14). A third
class of requirements refers to reusable knowledge (guidelines and template documents) to bootstrap activities
(U2-U7, U10).

Reusable knowledge and reusable software may vary significantly across use cases and a rich and extendable
catalogue of such resources, which we call INTERLINKERs, should be made available.

4.3 Standards and Technical Requirements

Janowski [39] argues that the Digital Government concept has evolved across four main stages: Digitization
(Technology in Government), Transformation (Electronic Government), Engagement (Electronic Governance)
and Contextualization (Policy-Driven Electronic Governance). ICT-based co-production falls within the cate-
gory of technology that involves the engagement of a plurality of public and private actors in the generation
of solutions and the co-creation of public value, thus enabling government to make a transformation to a more
open and participatory model that they see as more desirable [54]. Therefore, ICT-based co-production can be
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Table 2. Requirements Mentioned by PA Representatives to Support their Use Case

MEF use case VARAM use case ZGZ use case

Functionalities in CE Functionalities in CE Reusable software

U1 Tools for work plan scheduling U9 Incentives and rewards to sustain U12 Software module that allows
Reusable knowledge participation in collaboration the collaborative planning of

U2 Template for an awareness Reusable knowledge events through functionalities for
campaign to raise participants’ U10 Quality of service surveys managing and booking resources
interest Reusable software U13 Engagement tracker to

U3 Guidelines and templates for =~ U11 Document editor which allows manage feedback received from
stakeholders mapping and users to annotate e-service citizens plus analysis of attendance
engagement descriptions on the web with and registration rates

U4 Service design tools for comments, questions, answers, U14 Loyalty module to reward
workshops, interviews, and terms which can be browsed, participation of citizens in
surveys; guidelines for co-design  queried, or even suggested to users  collaborative activities and

U5 Questionnaires for when accessing different parts of a  long-term engagement
quality-of-service monitoring web document. The annotations can

U6 Tutorials on the CE and related be voted, commented, extended by

resources other users in a Wiki-like manner

U7 Privacy consent forms

compliant with GDPR

Reusable software
U8 Ideas crowdsourcing and
e-voting tools

seen as spanning across Electronic Government and Electronic Governance, implying a transformation of the
internal working and structures of government as well as its relationships with citizens, businesses, and other
stakeholders [39]. Previous studies and projects on Digital Government let emerge particular requirements that
must be taken into account, not only during the implementation phase but also at the early design or architec-
ture modeling phases. Technical requirements refer to all those features that the platform should implement and
the constraints it should satisfy to be interoperable and compliant with national and international regulations.
Table 3 summarizes a set of common characteristics of Digital Government architectures that have emerged
from a literature review by Baheer et al. [2]. Most of these requirements are also explicitly endorsed by national
and international regulations and recommendations, such as for example the EU eGovernment Action Plan that
provides guidance for all countries in the European Union [25]. Specific requirements address the issue of ensur-
ing that the platform can be easily adapted and used by different PAs and with a cross-sector and cross-border
dimension.

These technological requirements guided the baseline architectural choices of the platform and the develop-
ment process. For example, to put in practice technological neutrality and platform independence, a web-solution
was preferred (T15, T16), with the possibility for the platform to work both in single-tenant configuration (i.e.,
with one instance of the platform for each PA) and in multiple-tenant configuration (i.e., with the same server
safely managing different PAs), to help reduce operation costs to a minimum (T14). An authentication and autho-
rization service implementing the Single Sign-On protocol! was put in place (T8), supporting European identifi-
cation standards, thus also complying with cross-border characteristics (T11). To comply with the requirement

ISingle Sign-On guarantees the possibility to access several electronic services offered by the public sector with the same identification
credentials, without re-entering authentication factors when more services are open.
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Table 3. Technical Requirements for Digital Government Platforms, as Summarized by Baheer et al. [2]

Requirement

Description

T1. Interoperability
and integration
T2. Secure architecture

T3. Adaptability
T4. Flexibility

T5. Reusability
Té. Resilience
T7. Compatibility

T8. Single Sign-On

T9. Traceability

T10. Usability
T11. Cross-border

T12. Scalability
T13. Legality

T14. Cost-effectiveness

T15. Technological
neutrality

T16. Platform
independence

T17. Minimal learning
curve

T18. Comprehensibility

T19. Citizen-Centric

Interoperability and integration between data and applications and with various
information systems

Having a secure architecture to ensure higher security of hardware and software to
build trust with users

Adaptability to changing requirements that can have technical, socioeconomic,
legal, and/or political nature

Flexible integration of architecture’s components to better align business processes
and technologies

Reusability of components to be used in more than one system

Resilience to changes in the service environment

Compatibility of a Digital Government architecture with the already existing
infrastructures, such as legacy systems and multiple public institutions integration
in different environments

Providing citizens the Single Sign-On (SSO) service, i.e., the possibility to access
several electronic services offered by the public sector with the same identification
credentials, without re-entering authentication factors when more services are open
Traceability of system operations performed by specific system users, also as a
support to accountability

Usability, i.e., providing functions that are required for better system performance
Cross-border characteristics, i.e., providing Digital Government services in an
international context and managerial settings

Scalable to host a large number of digital services

Providing Digital Government services according to relevant legislation and
judiciary

The architecture should be implemented in a way that the deployment and
operation resources are kept to a minimum

The architecture must ensure that no components included in its definition
advocate specific suppliers

The architecture is not dependent on a particular technology platform
implementation nor assumes a particular technology

Need for limited training to government employees to implement or use the
architecture

The architecture should be well-defined, and understandable with strategic clarity
by the Digital Government leaders

The Architecture should be designed in a way to support the strengthening of the
relationship between citizens and the government

of traceability and accountability of actions, methods for logging user interactions and analyzing behavior were
conceived (T9). Multilinguality of the user interfaces and the possibility of customizing them according to PAs’
needs was included in accordance with the adaptability and flexibility requirements (T3, T4). As explained in
Section 5, an extendable catalogue of reusable resources facilitating co-production was envisaged to cater for the
requirements of reusability, resilience, and scalability (T5, T6, T12). To ensure interoperability and integrability,
the formalization of reusable software resources was inspired by the Digital Europe Building Blocks methodol-
ogy [28] (T1, T7). FAIR principles and the General Data Protection Regulation (GDPR) constraints for data
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U6. Tutorials on CE
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U9. Incentives and rewards for participation
U10. Quality of service surveys

U11. Collaborative document editor

U12. Tools for collaborative event planning
U13. Engagement tracker

U14. Loyalty module

USE CASE REQUIREMENTS

Fig. 2. Contribution of multidisciplinary requirements to the Collaborative Environment specification.

and metadata management [86, 30, 75] were percolated through the system architecture to comply with the
security and legality requirements (T2, T13). The user-centered design approach adopted as a baseline method-
ology for the overall project, ensured citizen-centric and usability requirements right from the start (T10, T19).
Tutorials and user manuals addressed the comprehensibility and minimal learning curve for all potential users
of the platform (T17, T18).

The following section describes the first version of the Collaborative Environment that was designed and
implemented according to the collected multiple types of requirements, namely, top-down governance require-
ments, bottom-up use case requirements and technical requirements.

5 DESIGN CHOICES AND THE IMPLEMENTED DIGITAL PLATFORM TO SUPPORT
CO-PRODUCTION PROCESSES

The multidimensional requirements and the governance concepts described in the previous sections were trans-

lated into initial architectural, functional and implementation decisions to design and develop a multilingual

web-based portal featuring information services supporting public service co-production processes (see Figure 2).

The resulting platform offers the following core functionalities:
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* public information pages on co-production concepts and potential benefits (in compliance with gover-
nance requirement R1 above);

* an authentication and authorization service implementing the Single Sign-On property, with general
data protection regulation compliance and cross-border authentication (e[DAS) [29], which allows users
to efficiently and safely login to the CE and related services (requirements R8, T8, T11);

* a guided process to help co-production coordinators set up and configure a digital space to be shared
with other participants (Overview view) (requirements R2 and R3);

* functionalities for the management of the stakeholders network, with the possibility of grouping par-
ticipants into organizations and teams, assigning them different access rights to documents (i.e., co-
production resources) and tasks (requirement R4);

* visualization of alternative models of the co-production process to help users identify which are the most
appropriate steps to perform that fit their use case (operationalized governance models) (requirement R3);

* creation of a co-production schema that guides the co-production team through the suggested phases
and tasks to perform (Guide view). Schemas are representative and adaptable to different co-production
scenarios (e.g., G2C, C2G, P+C) and can be customized to suit the phases, objectives and tasks of different
types of co-created public services or artifacts (e.g., physical or digital services, but also hackathons,
citizen science experiments, and so on) (requirements R2 and R3);

» recommendation of reusable knowledge and software resources —the so-called INTERLINKERs—-, which
may support the simpler and more effective execution of the co-production steps, in compliance with
norms and regulations (requirements R2, R5, R6, R8, U2-U7, U8, U10, U11-U14);

* in-platform opening and registry of use of INTERLINKERs, with document sharing and collaborative
editing (requirement R7);

 support for setting a timeline and deadlines for the process (Workplan view) (requirements R4, U1, U9).

Further important functionalities were implemented during a second development cycle as a result of new
requirements that emerged from the pilot experimentation of the platform within the three project use cases,
which will be discussed in the following Section 6.

Currently the languages supported by the end-user interface are English, Spanish, Italian, and Latvian. In the
following subsections, we will discuss in more detail significant system behaviors, with the help of interface
screenshots.

5.1 Helping Co-production Coordinators Setting Off

Public or private entities wishing to coordinate a new initiative for co-producing a public service might have
difficulties in understanding how to structure and manage the collaboration process. For this reason, a special
“Overview” area is available to process coordinators with a checklist on how to proceed, as advocated by gover-
nance requirements (R1-R3).

Coordinators are instructed (i) to create a title and goal description for their process; (ii) to assign adminis-
trators to the newly configured process; (iii) to select the schema that best describes the collaborative process
matching their co-production goals; and (iv) to invite teams of other participants to join the process. Step (iii)
in the sequence is particularly important, as it offers coordinators examples of co-production process models,
which are called “schemas” in the platform. These schemas are represented in the form of suggested sequences of
phases for the co-creation of a public service (e.g., Engage, Design, Deploy and Sustain), which can expand into
more detailed objectives (e.g., Engage expands into Identify Stakeholders, and Engage Stakeholders), and tasks
to perform to reach each objective (e.g., “Understand the different types of stakeholders” or “Map stakeholders,
analyze motivation, skills, expectations”). Figure 3 illustrates how co-production schemas are graphically repre-
sented in the user interface. The devised Collaborative Environment offers alternative co-production schemas to
choose from, with the possibility of additionally customizing templates by removing steps (i.e., phases, objectives,
or tasks) that are not relevant for a specific use case, or by adding new ones (in compliance with the flexibility
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Fig. 3. Sample screenshot of the “Guide” view for a default co-production process articulated in phases: Engage, Design,
Deploy, and Sustain. The image also shows (on the right-hand side of the interface) a set of shared resources associated with
one sample task.

advocated by requirement R3). Figure 3 and Figure 4 illustrate two examples of different co-production schemas,
one with default steps for the co-design and co-delivery of a public service where citizens are involved in all
phases (Figure 3), and one with suggested steps to foster the ideation of social innovation through hackathons
involving citizens (Figure 4). The set of predefined co-production schemas offered by the platform was identified
through governance research [7] and through the analysis of co-production use cases [48, 18].

5.2 Guiding Participants through the Co-production Phases

Once the coordinator has chosen the co-production schema and has possibly further customized it, the “Guide”
view helps the network of stakeholders orientate within the process by visualizing the suggested list of tasks
and what is required to accomplish them (requirement R3). For each task, a work area is available where
the co-production team can share resources, like documents and links (under the “Resources” tab on the
right part of the interface in Figure 3). A button allows users to visualize a list of recommended knowl-
edge and/or software enablers (called INTERLINKERs) that could help to complete the task (see the but-
ton “Instantiate task resource through recommended INTERLINKERs” in Figure 3). For example, for the task
“Ideas collection for service definition” that happens during the Design phase, a bespoke knowledge resource
is suggested containing guidelines on how to organize focus groups. The public resource can be reused by
cloning and editing it for the purposes of the specific co-production project and can then be saved in the task
workspace.

A special category of generic software INTERLIKERs is also available offering baseline collaboration function-
alities, such as the creation and sharing of documents (via integration with Google Drive APIs?); the creation of
surveys; the creation of discussion forums (via integration with Loomio®); and the sharing of external links (see
the drop-down menu shown in the right part of the interface in Figure 4).

Zhttps://developers.google.com/drive
Shttps://www.loomio.com/
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Fig. 4. Sample screenshot of the “Guide” view for a co-production process for the organization of a Hackathon articulated
in phases: Engage, Design, Run, and Exploit. The image also shows the drop-down menu listing generic software enablers
(INTERLINKERS).

5.3 INTERLINKERs as Knowledge and Software Enablers for Public Service Co-production

The catalogue of INTERLINKERS, defined as reusable resources offered to build capacity in co-production ac-
cording to governance requirements R5, R6 and R8, represents one of the core concepts that characterize INTER-
LINK’s CE. INTERLINKERS can be used for different purposes:

* To guide co-production: These enablers are in the form of special contents and interactive flows that guide
and support teams in the collaborative execution of the co-production initiative. Knowledge enablers in
this category are for example: canvases to perform stakeholder analysis; templates for stakeholders’
engagement plans; and guidelines and materials for workshops for service design. Software enablers are
for example: tools for ideas crowdsourcing and collaborative decision making; tools for surveys; and tools
for team management and document sharing and management.

* To build operational capacity: These are knowledge resources which tackle the legal, social, and business
aspects to make co-delivered public services viable and feasible in time. Knowledge enablers in this
category are for example: guidelines on GDPR for data protection; sample information sheets and consent
forms; guidelines on the acquisition and reuse of software for PAs; and templates for business plans.

* To aid service development: These are reusable software modules and development frameworks, aligned
with other existing EU-wide initiatives, to foster interoperable and sustainable public services. Software
enablers supporting service development are for example: a registration and authentication component
compliant with eIDAS protocols; and a reusable gamification engine to introduce incentives and rewards
to sustain citizens’ participation to the co-delivery of public services.

Overall, 60 INTERLINKERs were uploaded in the Catalogue integrated in the first version of the CE. However,
the approach used to ground the design and the development of the INTERLINKERs catalogue was purpose-
fully aimed at ensuring future flexibility and extensibility of the catalogue with new enablers of different types
(technical requirements T5, T6, T12). In fact, the set of INTERLINKERSs resulting from the second development
iteration of the platform, after the evaluation described in Section 6, counted more than 70 enablers.

Digit. Gov. Res. Pract., Vol. 5, No. 3, Article 24. Publication date: September 2024.



Designing a Digital Environment to Support the Co-production of Public Services « 24:19

6 USER EVALUATION STUDY: PILOT ADOPTION OF THE PLATFORM IN ACTUAL USE CASES
AND IDENTIFIED EXTENSIONS

To execute the phases that in the Design Science methodology are called as demonstration and evaluation, the
three use cases described in Section 4.2 were used as a testbed to evaluate the CE both from a technical perspective
and, most importantly, from a user standpoint. As explained in Section 3, preliminary usability tests involving
three human-computer interaction experts and 22 end-users evaluated the CE interface against Nielsen’s usabil-
ity heuristics [58]. The collected feedback allowed identifying several usability problems that were immediately
passed on to developers to improve the user interaction experience and consolidate the first prototype of the sys-
tem - readers interested in how the usability study was organized can refer to [52]. This section reports instead
the results of the second evaluation study aimed at gaining a deeper understanding of how the digital platform
was used in co-production use cases and what can be learned on ICT-based co-production, to reply to research
question RQ2 stated in the Introduction section.

The three PAs coordinating the use cases used the CE described above to facilitate their co-production ac-
tivities involving 224 stakeholders in total (68 for MEF, 100 for VARAM, 56 for ZGZ), during a 4-month period.
Several monitoring and evaluation tools were used to capture users’ experience throughout the experiment:
interaction logging and automatic measures of the usage of system functionalities; self-reported activities de-
scription [52]; observations and interviews [49]; a questionnaire investigating the experience of participating in
co-production; a questionnaire investigating the quality of co-created public services; and final post-pilot reflec-
tion questions and focus groups on the usage of the system. In the following paragraphs, we briefly summarize
the major aspects that are interesting from a Human-Computer Interaction (HCI) point of view, addressing
in particular the final reflections on perceived usefulness, appropriation, adequacy to governance models, and
possible requirements for re-design or extension of the system. Other investigated dimensions addressing the
evaluation of digital co-production quality are described in [74, 66].

The reflection questionnaire distributed after the end of the use case activities, included 31 open questions,
grouped into nine investigation areas, namely: (1) how the co-production working group was structured in the
CE; (2) the level of participation observed in stakeholders; (3) how the co-production process was represented
in the CE following the system’s guidance; (4) impressions on the alternative co-production schemas offered by
the platform; (5) the possible role of examples of what other PAs have done; (6) the perceived need for different
roles and access rights to the shared documents; (7) the most used and most useful functionalities offered by the
CE; (8) the most used and most useful INTERLINKERS; and (9) the perceived added value offered by the CE. The
coordinating teams of each use case (6 PA representatives for MEF, 2 for VARAM, and 4 for ZGZ) were asked
to gather together, reflect on the use case outcome, and elaborate an agreed answer to each of the reflection
questions.

Two further reflection focus groups were organized with the same 12 PA representatives to elaborate on the
questionnaire results and on suggestions for future extensions, and to draw comparisons across the three use
cases. The discussion was structured around themes that had emerged from the questionnaire and that focused
on how co-production coordinators actually interacted with the technology to organize their co-production
processes and their perceptions about workflows and other stakeholders’ engagement with the platform.

Bespoke functionalities and guidance for co-production. On average, use case coordinators observed a
good level of motivation to participate in co-production in stakeholders. This was referred especially to those ac-
tors that already had awareness of and direct experience with the problem tackled by the co-production process.
In the words of the VARAM team, “higher digital skills and awareness of public services delivery significantly raised
the motivation”. The real challenge lies in requesting co-producers to introduce a new work methodology or to
use a different digital platform than the one already established in their daily work practice. It was mentioned that
“for the Collaborative Environment to be adopted as a working tool, it is necessary to maximize the value provided to
the team involved in co-governance, co-design, and co-production. This includes enabling time savings and a better
quality of the final service” (ZGZ team comment). The use case coordinators noted that intuitiveness of use and
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Fig. 5. An example of the comments that emerged during reflection focus groups. The screenshot shows post-its generated
in reply to the question: “What overview information would you expect to find about your project each time you connect?”.

simplicity of the system are not the only important factors, stressing the importance of other distinguishing
functionalities that are tailored for co-production (confirming governance requirement R2). These include
(i) step-by-step guidance to help users understand where to begin and determine the appropriate path to
follow depending on their specific co-production model and problem to solve; (ii) efficient strategies to reach
out participants and incentivize their participation; and (iii) template materials to speed up the preparation
of communications and joint activities. Focus groups also let emerge the importance of additional methods
to monitor and stay updated about process progress and of a clear overview of the work carried out so far
to facilitate handovers, for example when decision makers delegate practical tasks to other public servants.
Figure 5 shows an example Jamboard screenshot with the collective reflections and recommendations generated
by users in this regard. These users’ recommendations that emerged from the evaluation were immediately
taken into consideration by system developers to extend the set of platform functionalities with mailing list
support and email and in-app notifications to keep participants updated about latest changes on the process’
resources and task completion, as shown in Figure 6.

The second version of the CE also featured an enriched information part that provides clearer textual and visual
representation of the steps that the users (both coordinators and participants in the co-production process) can
follow to create/navigate the phases and the resources for their co-production processes.

Flexible management of the co-production work group. As emerged from the logs automatically col-
lected by the system, different PAs, with different internal organizational/hierarchical structures, interpreted the
concepts of “organization” and “team” differently according to their usual work practices and grouped people in
their network according to different rules. This is an interesting issue to investigate from the Human Computer
Interaction (HCI) point of view, as there might be forms of appropriation, i.e., observed uses of the functionalities,
different from what originally conceived by designers, to adapt to existing work practices [21]. The version of the
CE that was tested by end-users provided a flexible way of creating virtual organizations and teams to structure
the work group of a co-production process. According to the initial socio-technical requirements, this function-
ality was introduced to control the visibility of activities and of shared documents. Users were free to decide how
to group participants in lists and they did actually exploit this freedom to accommodate different interpretations
of the available functionality, different co-production goals, and different governance approaches of the process.
The comparison between the three use cases revealed that the functionalities for managing the work group were
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Fig. 6. Notification dashboard added in the second version of the CE showing latest changes on the process resources and
task completion.

appropriated by co-production coordinators in two main ways: (i) to create just one main organization to rep-
resent the overall initiative and different teams to sub-group people from different stakeholder institutions or
associations, as in the MEF use case; or (ii) to create multiple organizations, one for each involved stakeholder
institution/association, and to create new teams following more practical and extemporaneous needs (e.g., to
group participants invited to specific meetings or activities or to separate categories of participants), as in the
VARAM and ZGZ use cases. In both cases, co-production coordinators deemed it important to explicitly name
institutions (either in teams or in organizations) for formal partnership recognition and to enhance the visibility
of the network. In the MEF team’s words, “this allowed us to better handle and organize the involvement of the
various stakeholders, assign tailored permissions, and be sure that each participating Administration was represented
in the MEF co-production process and in the collaborative environment’.

Following the evaluators’ feedback, the second version of the CE also featured the possibility of activating a
“Call for Collaborations”, by announcing the profiles and skills needed to be part of an open process collaboration
force.

Roles and Management of access rights. To the users that participated in the evaluation tests it was clear
that the team coordinating the co-production initiative plays the role of administrator of the collaborative pro-
cess and should have access to the most advanced functionalities made available by the digital platform. Other
stakeholders participating in co-production would mostly be contributors or observers, based on their level of
engagement in the activity, and should be presented with simplified views that hide unnecessary functionalities
of the CE (ZGZ team: “The incorporation of team and user roles and privileges would be more than welcome.”, MEF
team: “As we were the ‘administrators’ of the co-production process, this feature allowed us to set up the process and
create some guidance resources without the risk of them being modified or deleted by mistake by the stakeholders”).
It was mentioned that a “tech-savvy administrator is required” (VARAM team).

According to previous research, different team members may participate in different phases of co-production
[48, 49]. This was the motivation for including a fine-grained method in the implementation of the CE for (option-
ally) assigning permissions at different levels of the co-production schema, to restrict the number of participants
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that can read or manipulate shared documents (resources) within different phases, objectives, and tasks. Evalu-
ators commented that default permissions assigned to the overall co-production schema would suffice in most
cases, possibly using the main categories of participants (administrator, contributors, observers) to differentiate
default permission values (as mentioned by ZGZ team: “It would be useful if these different categories of users
could be associated with different levels of access to the platform so that what they can do within the environment
depends on the level of authorization they have’).

Guidance through co-production schemas. On the one hand, co-production coordinators highly valued
the availability in the digital platform of pre-prepared co-production schemas that recommend which phases and
activities would be appropriate to co-design and co-deliver public services in certain governance contexts. On the
other hand, choosing which schema fits their specific context was considered challenging (VARAM team: “it was
unclear which one to choose”). This choice actually implies being able to recognize the specificities and differences
between different co-production processes and schemas. This is in line with the literature findings summarized in
previous section 2.2, which recognize factors like the type of stakeholders’ network, the type of service, and who
is taking the initiative as impacting on the strategies, activities, and responsibilities characterizing co-production
processes [9, 11, 1, 55, 83]. As an important lesson learned for the refinement of the system user interface, it
emerged that the step of co-production schema selection requires an appropriate dialogue to guide coordinators’
choice based on recognizable properties (e.g., type of organizations involved, level of openness of the process,
etc.), in line with MEF team’s suggestion: “maybe you could consider adding keywords to further simplify the
choice”. In addition, the inherent flexibility of the co-production process implies that a standard co-production
model hardly fits a use case without any adaptation; changes to the workplan may also occur in time, or some
decisions can be taken just later on (e.g., how to organize the maintenance of the service). For this reason, PA
representatives highly valued the possibility, made available by the CE, of customizing a chosen co-production
schema by removing or adding phases/objectives/tasks to their plan of work. In the PA representatives’ words:
“The proposed schemas, although theoretically perfect, are too ambitious to be implemented in real cases” (ZGZ
team). “Based on the feedback from participants, it must be possible to adjust schemas manually.” (VARAM team).
“The possibility to change the title and description of objectives and tasks, as well as to delete phases/objectives/tasks
not useful for our activities allowed us to create a schema suited for our co-production objectives” (MEF team).

It was also mentioned that PAs who are new to co-production may benefit from learning how similar pub-
lic bodies have successfully applied co-production [49]. Needs like the following emerged: “know what was the
impact, the benefit”, “know what worked and also what did not work”, “draw inspiration”, “make an analysis to
know if the process is replicable in a similar context”. A catalogue of “co-production stories” could be used to
draw inspiration and to understand if a past process is transferable to a similar context by carefully considering
whether there is technological, organizational, and institutional fit. Furthermore, coordinators could even clone
existing co-production schemas and related resources to avoid starting from scratch when creating new or re-
vised public services. This practice would be in line with what Dolowitz and Marsh [22] call voluntary policy
transfer, “the emulation and lesson drawing [which] refer to a process in which knowledge about policies, ad-
ministrative arrangements, institutions and so on in one time and/or place is used in the development of policies,
administrative arrangements and institutions in another time and/or place”. A digital catalogue of best practices
in co-production would also help overcome the difficulty of formalization, scaling up and dissemination of the
experiences related to the often informal and experimental nature of most co-production initiatives [76]. To im-
plement this form of Open Innovation based on the promotion of replicability, the second version of the CE was
extended with the possibility of cloning past processes of a team or cloning from publicly available success cases
(“Stories”), with the possibility to subsequently customize the cloned process and the related resources to best
fit your own co-production context.

Awareness of co-production process status. PA representatives acknowledged that face-to-face gatherings
offer the optimal opportunity for coordinators to monitor stakeholders’ level of involvement and to stimulate
active contribution. More difficult is to get a sense of the co-production activities performed through the digital
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platform, such as the post-meeting elaboration of shared documents. Automatic tracking of collaborative activ-
ities performed by users was considered useful to generate summaries reporting which stakeholders contribute
to what specific collaboration activities. However, more specific suggestions were made on how to support team-
work for co-production. It was mentioned, for example, that it would be useful to directly display in the interface
which users have participated in each phase or activity (Figure 5), in order to keep track of participation, to pos-
sibly adjust the composition of work groups, and to provide a way to enforce accountability [78]. Visual cues
that signal changes and updates to the digital representation of the co-production process since the last login
were also considered essential, to let participants keep up with the latest progress. Additionally, there was also
a demand for personalization: co-producers should be able to immediately see which actions require their con-
tribution (in PA representatives’ words: “which tasks need my work?”, “deadlines and alerts of tasks”).

Another important aspect pointed out by PA representatives was the need to get an intuitive view of the status
of the entire process, such as a progress board summarizing the phases and tasks that have already been worked
on, those that are in progress and those that are forthcoming, in order to have a sense of how the group work is
progressing towards to the final goal (Figure 5). In the words of the VARAM team: “It is hard to navigate within
the process, to determine where is what. The process dashboard could be more simplified, including a progress board
- maybe something like Kanban?”.*

As a response to these new requirements emerged from the evaluation, in the second version of the CE the
possibility of assigning resources to people and see in-app personal notifications with the assigned work was
added, as well as a bespoke “Assignments” tab within the Resources view, which summarizes a personal to-do
list. Besides, a new “Contributions” tab was added for each task view to allow for the visualization of who has
contributed with what level of engagement for the whole task or per individual resource in the task (Figure 7).

7 DISCUSSION

As discussed in Section 2, previous research work in public government and co-production has highlighted
several benefits and barriers related to collaborative public service creation and delivery. Similarly, research in
ICT-based co-production has more specifically identified opportunities and challenges for the introduction of
ICT in support of collaborative public service creation. However, these findings are typically not translated into
design guidelines and requirements for the implementation of digital platforms that are tailored to support the
overall co-production process and are validated through an actual implementation and user evaluation study.
The design, development, and evaluation of the INTERLINK Collaborative Environment detailed in the previous
sections have brought forth several findings that contribute to the advancement of the field of ICT-based co-
production, both in terms of the requirements that a digital platform supporting co-production should satisfy
(research question RQ1) and in terms of its acceptance and actual usage in real co-production contexts (research
question RQ2).

By merging the output of the requirements elicitation phase (discussed in Section 4) and the lessons learned
from the user evaluation of the implemented system (discussed in Section 6), the following general guidelines
can be derived to help the work of designers working on platforms for ICT-based co-production.

» Convey co-production know-how. First of all, a digital platform supporting co-production needs
to include an informative area that provides orientation to new users (PAs, other public and private
stakeholders, citizens) and explains in practical terms how the co-creation and co-delivery of public
services may unfold and how ICT contributes to enhance the process. The objective is twofold: (i) to
increase awareness and interest in co-production to counterbalance the novelty that participatory ap-
proaches represent for PAs [49]; and (ii) to let potential users understand the added value of adopting

*In the Kanban approach, work items are represented visually on a board, allowing team members to see the state of every piece of work at
any time [43].
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Fig. 7. Screenshot of the “Contributions” tab available within each co-production task summarizing advancement in the
task and contributions by participants.

a new technology, helping overcome resistance to ICT change, particularly in less technologically savvy
users [4]. The need for tutorial materials, recorded demos, and live training sessions should not be
underestimated.

* Leverage the power of examples. Providing concrete examples of co-production experiences carried
out by other public bodies is essential. PAs seek best practices and clear examples of both successful and
unsuccessful experiences of other similar PAs that engaged in the co-production of public services. They
are aware of the unicity that characterizes each organizational and application context. Still, checking
the co-production process followed by others is of inspiration [22].

» Offer a wizard or checklists. Clear guidance should be provided to coordinators on how to set off their
own co-production project and take the first important decisions. What is the project about? Which
governance model applies? For instance, are citizens involved just in the consultation/creation phase,
while the service is to be delivered by the PA, or are both private and public actors involved in service
delivery? Who is going to coordinate the activities? What type of roles are relevant? A sort of wizard
or visual check-list should be implemented in the digital platform to help users go through the different
questions, reflect, and prepare the ground for the actual co-production activities [49].

* Balance guidance and flexibility. A diverse range of co-production pathways exists, depending on
different government models, stakeholders involved, and types of services to be co-produced [9, 83, 11,
1, 55]. To translate theory into practice, PAs need to be helped to plan the path that suits them best. A
digital platform for co-production should support this stage by offering a user-friendly visualization of
the multi-step process that is to be performed. In our research we experimented with a tree-like schema
that unfolds the co-production into a sequence of phases and nested tasks to perform. A catalogue of
schemas that capture alternative co-production paths described in the literature is offered, from which
PAs can choose where to start from. However, as emerged from the evaluation, it is essential to grant
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users the flexibility to customize the phases and tasks both at the beginning and iteratively during the
process, to account for the very dynamic nature of co-production practices.

Implement accountability by design. Digital platforms for co-production should address account-
ability by design [13], by putting in place log mechanisms to monitor interactions with the platform,
abstract meaningful actions, and associate performer users. This is to ensure that the system can ef-
fectively monitor and visualize the contribution of the different platform users, also distinguishing by
roles and assigned tasks. This improves transparency and helps support trust within the network [78].
This is also essential in case coordinators deem it appropriate to associate users’ contributions with in-
centives and rewards [74]. Furthermore, information regarding which participants contribute most to
the planned actions and decisions, and how interaction revolves between members of the network, may
reveal whether co-production is fair and inclusive and whether it fosters durable ties and synergies.
Make sure a shared archive is provided. One of the functionalities voted as most useful during the
evaluation study was the availability of a shared workspace (for collecting documents, presentations,
meeting minutes, hyperlinks to other resources, etc.), to be used within each task as a common ground
for collaboration. Both a view of resources per-task and a view per-entire co-production process were
considered useful, with search and order filters to facilitate the retrieval of material. This is in line with
findings in previous studies that identified long-term, structured archives of shared resources as enablers
of collaboration [48, 35].

Offer workplan and roles management. As was suggested by the evaluators, a digital platform sup-
porting co-production needs to feature an easy-to-grasp visualization on the process advancement sta-
tus for multiple reasons. First of all, to help keep up with deadlines and tasks to be completed, but also
to increase the awareness of the effort that the whole network is putting on the co-production tasks,
thus incentivizing motivation and participation [64] and reducing the impressions of discontinuity and
fragmentation [65]. Distinguishing between different roles and responsibilities (e.g., coordinators and
participants), emerged as a need not only from the literature [80, 45], but also in PAs’ actual practices.
Enable reuse / redo. The PAs involved in our evaluation study largely took advantage of the "reusabil-
ity" principle that permeates the INTERLINK CE. PAs reused the schemas suggested by the system to set
up and customize their own co-production process; the template documents found inside the platform
(knowledge INTERLINKERS) to prepare materials they needed for collaboration; and software modules
(software INTERLINKERsS) to perform some of the tasks. They also cloned co-production processes pre-
viously created and used those copies as a seed to start new processes, redoing the steps that already
proved successful. To implement these different forms of reusability, the architecture of the system plat-
form must be conceived, right from the beginning, with functionalities that allow cloning, adjusting, and
redoing things, so that PAs can iteratively build their own capacity to co-production and learn from one
another’s experiences.

8 CONCLUSION AND FUTURE WORK

Existing general-purpose digital collaboration platforms offer a range of tools designed to support diverse (sub-
sets of) functionalities, including the setting of work plans, task management, the collaborative editing of doc-
uments, textual or visual discussion boards, ideas crowdsourcing, joint deliberation, or data visualization to
support informed analysis and decisions, among others. However, flexibility and freedom of use come at the
expense of guidance, since platforms assume that users are familiar and knowledgeable about the specific col-
laboration task they must perform. This is a severe limitation for PAs and related networks of stakeholders that
are novice to co-production, i.e., simply wishing to involve citizens, NGOs, and private companies in virtuous
collaborative processes may not guarantee project success. Background literature reports that proper bespoke
support is necessary for building capacity in co-production methods; finding the right workflow of steps to
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follow; managing the different skills, backgrounds, and competences in heterogeneous networks of stakehold-
ers; finding materials and examples that help bootstrap activities; lowering the financial impact of ICT use; and
for periodically checking whether the legal, transparency and sustainability requirements are met. Guidance and
exemplification are thus distinguishing features that are essential to provide an added value for co-production.

The research study reported in the paper focused on the problem of investigating how designers and devel-
opers should approach the implementation of technology supporting co-producers, as well as on the evaluation
of systems deployed in real use cases. We started from an analysis of the problem and of the socio-technical
multidimensional requirements to inform the design and development of a digital collaboration platform, where
guidance and exemplification fostering reuse are pivotal. Technical requirements for digital government software
architectures were integrated with knowledge on governance models and co-production processes and were
validated through the analysis of three specific use cases coordinated by one central PA in Latvia, one central
PA in Italy, and one local PA in Spain. The developed Collaborative Environment is based on four main pillars:
(i) the availability of (an extendible set of) digital schemas representing models of co-production processes
and illustrating the phases/objectives/tasks that stakeholders are suggested to go through for the collaborative
design and delivery of public services; (ii) the recommendation of knowledge and software co-production
enablers (named INTERLINKERs), which are reusable resources that may help bootstrap stakeholders’ activities
and lower the costs of public service implementation; (iii) the availability, for each co-production task, of a
work space with the possibility to assign teams, create documents by instantiating INTERLINKERS or by using
general purpose collaboration tools (like Google Drive and Loomio) and links to external resources; and iv) the
availability of a catalogue of INTERLINKERS, success stories, and open processes promoting reuse, replicability
and adoption. The core innovation that is brought about with respect to existing general-purpose platforms for
computer supported cooperative work is the operationalization of co-production processes.

An evaluation study conducted by three different PAs with the involvement of 224 stakeholders tested the
usage of the platform during the execution of three co-production processes. The findings underlined the overall
appreciation of the offered functionalities, with observed forms of appropriation of the tool. Participants clearly
stated that the main added value that the Collaborative Environment can offer is represented by the step-by-step
guidance and potential reuse (with adaptation) of ready-to-use resources. They also stressed the importance of
initial training and sense making to help users familiarize themselves with the platform and reduce the cultural
and technical barriers of adopting a new tool.

The evaluation study performed also sheds light on a few challenges that clearly point to future work. Firstly,
there is the need to harmonize activities that are performed within the digital platform with the (possibly large)
number of activities that are held physically (e.g., meetings, public gatherings), so as to add the possibility of
accounting the latter within the system too. Future extensions of the platform will extend the internal data models
for a clear representation of the hybrid nature of co-production processes, with functions for administrators and
users to keep track of off-line activities. Secondly, co-production processes may span over months, sometimes
even years. The engagement of heterogeneous networks of stakeholders for long periods of time might require
incentives, both material and immaterial, in order to foster participation and active contribution. In a second
round of user evaluation, we are currently testing the integration of a gamification engine that is able to track user
actions inside the platform to register contributions and value them through an incentives-and-rewards system
that has already proved successful in engaging citizens in sustainability actions [40, 74]. A third aspect that
deserves attention is the potential initial need of PA representatives to gain a deeper understanding of whether
co-production is the appropriate approach to follow, possibly benefiting and learning from the experience of
other similar PAs. On this regard, in order to support the voluntary policy transfer [22], the second version
of the Collaborative Environment features a catalogue of "co-production stories” for PAs to draw inspiration
from, with clone facilities that help start from specifically customized co-production schemas already tested
successfully by other PAs [74].
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