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Abstract: The adoption of energy efficiency practices and increased penetration of renewable energy
sources in the power system are estimated to play a key role in the decarbonization of the energy
sector, helping reduce greenhouse gas emissions and ultimately fight climate change. To foster
energy transition, energy education initiatives should primarily target the citizens and be designed
adopting a User-Centered Design (UCD) approach and HCI methodologies. This paper describes how
UCD/HCI can inform the design of citizens’ energy education initiatives by presenting a case study—
the development of an information platform targeting Madeiran citizens. The article describes the
design process, from ideation to prototype and validation. Methods used in each phase (card sorting,
semi-structured interviews, brainstorming sessions, think-aloud protocol and surveys) are described.
Results of each phase and how they have informed the following steps are presented, together with a
detailed description of the resulting information platform and initial results in terms of acceptance
and interaction with the system. Our initial results support the hypothesis that adopting an HCI
perspective can nurture the development of energy education initiatives targeting citizens, bringing
a user-centered approach to the design of such initiatives.

Keywords: human computer interaction; sustainable HCI; user-centered design; energy literacy;
energy consumption; energy production

1. Introduction

A number of strategies and policy measures are being implemented at the regional,
national and European levels to facilitate the transition towards a sustainable, low-carbon
energy system and ultimately address one of the greatest challenges of our time: climate
change. As outlined by the United Nations in the 2030 Agenda for Sustainable Develop-
ment [1], two are the primary goals that should be achieved to cope with climate change
and mitigate its impact: ensuring universal access to affordable, reliable and clean energy
(Sustainable Development Goal (SDG) 7) and promoting sustainable energy production
and consumption patterns (SDG 12).

Several are the actions that can be implemented in order to achieve such goals [2]—in
particular, those targeting (i) an increase in the production and consumption of renewable
energy, (ii) the significant electrification of relevant sectors such as heat and transport,
and (iii) broader adoption of sustainable habits. The transition from the current electricity
system, which is centralized and fossil-fuel-based, to one mainly based on distributed
renewable energy generation, presents several challenges (technical, infrastructural, regula-
tory, and social) [3]. Renewable Energy Sources (RES) are hard to predict and intrinsically
variable, and the electrification of the heat and transport sectors significantly increases the
energy demand and reshapes the load curve. Moreover, to manage such changes in the
energy system, the ICT infrastructure of distribution networks must be enhanced.
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Lopes and colleagues [4] outlined 11 relevant challenges for future power systems
(PS), all related to the simultaneous increase in renewable generation and the electrification
of the economy. The authors claim that the changes in the PS will pass through the power
electronics converters to increase the volume of renewables connected to the grid— a
multilevel energy storage solution to balancing load versus generation and relieving local
technical constraints—and the participation of the consumer in the grid management to
adjust the consumption with the available generation resources.

Much work is being done to address the technical and regulatory shortcomings of
the current energy system. However, we also observe increasing attention to the social
challenges of the energy transition. Several initiatives aimed at fostering citizen engagement
on the energy matter (e.g., calls for citizen participation in the European Green Deal [5])
and promoting the implementation of Renewable Energy Communities (RECs) and Citizen
Energy Communities (CECs) [6] have been launched.

Around 29% of global energy consumption is due to households [7]. Therefore,
increasing people’s energy literacy is a key prerequisite for energy transition [8]. An
energy-literate person understands the role of energy in daily lives, the impacts and
consequences of his/her habits, and thus can make informed energy use decisions [9].
Several studies on the relevance of energy literacy [10], as well as its dimensions and
influencing aspects [11], have been conducted. What emerges from the existing literature
is a general, low level of energy literacy [12–14]. Energy education is even more crucial
for those people and communities living in rural areas [8] or very complex geographic
contexts like, for example, Madeira Island (Portugal).

Madeira Island is a total energy island, meaning that due to the isolated nature of its
electric grid (i.e., not interconnected to continental Europe), it can be significantly affected
by the uncertain and intermittent nature of renewable production [15]. Furthermore, the
island has only one Distribution System Operator (DSO), a publicly owned company that
is responsible for the entire electrical grid infrastructure as well as for energy generation,
transmission and distribution. As such, there is no competitiveness in the electricity market
on the island, being the energy prices regulated by the National Regulatory Authority of
Portugal. Moreover, being Madeira an autonomous region, the regional legal framework
differs from that of mainland Portugal. Being an island and also one of the outermost
regions makes it hard, expensive and time-consuming to access multiple options (i.e.,
suppliers, installers, etc.). Raising people’s awareness of such constraints and helping
them understand how these affect the local energy system is fundamental to foster citizens’
participation in energy management and ultimately further boost energy transition.

In Madeira, some initiatives such as workshops have been organized to foster energy
literacy. Moreover, energy-awareness campaigns were conducted, and flyers to share
best practices for improving energy efficiency at the household level have been circulated.
Nevertheless, most of those initiatives were addressed to experts and policymakers and
did not directly engage citizens.

Despite the effort on energy education, there is evidence of the poor energy perfor-
mance of the island. Among all the Portuguese regions, Madeira has one of the highest
rates of energy consumption, with an average of 3.235 kWh per inhabitant in 2019 [16]. Ad-
ditionally, a relevant portion of the island consists of rural areas. The average consumption
of rural areas is higher than that of urban areas (4.178 kWh per inhabitant vs. 3.746 kWh
per inhabitant of the capital, Funchal) [16]. In terms of energy poverty, Portugal is still
considered one of the most vulnerable countries in Europe, despite all the measures that
are being implemented to fight against it. Madeira suffers from the same circumstances as
the mainland, with high levels of energy poverty. Madeiran citizens face several issues,
in particular those related to the inability to keep the house warm, due to the lack of
heating equipment in the households [17]. Madeira, in line with Portuguese regulations,
has the highest electricity prices in Europe when measured with the purchasing power
parity [17]. Considering the replacement of old appliances with new and more efficient
ones, Madeira has low replacement rates, only 20–29% [17,18], which could be attributed
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not only to economic factors but also to the lack of knowledge about the energy labels
and how appliances work. In terms of building efficiency, most of the buildings (73%) are
certified with Energy Class “C” or lower, meaning poor levels of energy efficiency [18].
In terms of small-scale renewable energy installations, Madeira is far from meeting the
potential of PV installations, with a registered number of 834 units in 2018. Finally, a study
conducted by the National Energy Regulator Authority (ERSE) in 2020 [19], concluded that
Portuguese people, in general, have low levels of energy literacy, with an index of 42.8%,
and particularly, people from Madeira island show even lower levels on this matter.

This lower performance in terms of energy efficiency and efficacy in Madeira, despite
the economic factors involved, reveals low levels of energy literacy. Additionally, the
outcomes expected from the initiatives held to improve this issue were not successfully
achieved, as revealed from the status of the energy context mentioned. We verify those
initiatives as lacking a fundamental aspect that they did not focus directly on “bringing
people into the conversation”; instead they targeted specific publics and marginalized the
empowerment of general consumers as key players in attaining more energy efficiency
behavior if educated and better informed about energy.

The lack of initiatives and energy education programs for citizens was also observed
by the authors of the present article during the research activity conducted under the scope
of the H2020 Smart Island Energy systems (SMILE) project. While recruiting participants
and performing project dissemination activities, members of the local community reported
having several issues in retrieving and understanding context-specific energy-related
information. In particular, energy users—whether consumers and/or prosumers (i.e.,
users equipped with small-scale energy generation unit(s), for instance Solar Photovoltaic
(PV) panels, which function as both energy producer and consumer [20])—argued that
existing information is widespread, sometimes contradictory and not easy to understand
(i.e., extensive use of technical or legal jargon). Several prosumers also highlighted that
the variety of existing sources makes it difficult to distinguish reliable from unreliable
information, especially when it comes to local rules and requirements for renewable
energy production.

In order to develop more ‘solid’ energy education initiatives, one should adopt a
user-centered design (UCD) approach and HCI methodologies. UCD focuses on the users’
needs and interests by making products that are usable and understandable. It does so
by following the four following principles created by Norman [21]: (1) Make it easy to
determine what actions are possible at any moment; (2) Make things visible, including the
conceptual model of the system, the alternative actions, and the results of actions; (3) Make
it easy to evaluate the current state of the system; and (4) Follow natural mappings between
intentions and the required actions, between actions and the resulting effect, and between
the information that is visible and the interpretation of the system state. In a nutshell,
bring users’ needs into focus by using methodologies and processes that focus on the user
throughout the product life cycle [22]. As such, it includes three key principles: an early
focus on users and tasks, empirical measurement and iterative design [22]. Rather than
just bringing users in the testing phase, it advocates for users to be integrated into the
design in the early phases of research through surveys, interviews, contextual inquiries,
shadowing or participatory design [22]. By empirical measurement, it means conducting
usability evaluation throughout to improve ease of learning and error-free use, and iterative
design by collecting experiences, designing and modifying these with users as often as
needed, with diverse prototyping techniques and interactivity levels. These principles can
be used to sustain a smoother transition in terms of energy initiatives and actions because
the information will be gathered and presented according to users’ needs, interests and
knowledge level. This approach allows for tailored interventions that directly address
users’ needs, not just at the level of energy and renewable products but also the knowledge
needed to make informed choices when purchasing such equipment according to their
regional constraints, needs and resources. Only this way will users be more likely to
understand and participate in energy-related initiatives. HCI methodologies offer the most
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adequate strategies to leverage user’s energy-related knowledge because these suggest
which ones can be used to optimize the collection of needs, how to test and refine the
prototypes and how to measure the user experience throughout the whole process [22].

In fact, energy has become recognized as a crucial subject of interest for HCI research,
mainly regarding the area of sustainable HCI [23,24]. Although the utmost of the HCI
research centers on eco-feedback technologies (i.e., the technology provides the feedback
on behaviors to reduce environmental impact), other works focus on the study of energy
as an intricate design concept (i.e., both an immaterial concept but also a commodified and
functional resource) [25] and investigate the ongoing changes at the energy infrastructure
level (i.e., peer-to-peer energy trading between self-consumers) [26–28].

Engaging communities on the energy matter is gaining increasing attention. In such
a scenario, the adoption of an HCI perspective could offer a fundamental contribution
by providing the methodological tools to bring the users into the conversation. Here we
present a user-centered design project meant to achieve this goal.

This paper illustrates the different phases that led to the development of Energias
Madeira [29], an information platform for energy consumers and/or prosumers. The goal
of Energias Madeira is to gather reliable and user-friendly information in a single place to
engage people in energy transition/efficiency, raising awareness and fostering sustainable
behaviors. The information platform is part of a larger pilot developed in the context of
Madeira Island in the SMILE project.

We emphasize that the work described in this manuscript is an example of how HCI
methodology can guide and inform the development of interactive systems aimed at raising
awareness in sustainability and increase energy literacy. This should be considered as a
case study to demonstrate the value of adopting an HCI perspective in the design of such
interactive systems.

The remainder of this paper is organized as follows. Materials and HCI methods
used to build the information platform are thoroughly described in Section 2. In Section 3,
the results of the different phases tested with users can be found. Finally, discussion and
conclusions are presented in Sections 4 and 5, respectively.

2. Materials and Methods

A user-centered approach was adopted throughout the design process, which con-
sisted of three main phases: (i) understanding users’ information needs and ideation; (ii)
content gathering and validation; and (iii) prototype and test. A description of the purposes
and methods used in each phase is provided in the following subsections.

2.1. Phase One—Understanding Users’ Information Needs and Ideation

In order to understand the information needs of potential users, we conducted two
studies involving, respectively, energy consumers and prosumers. The first study consisted
of an open card sorting exercise (N = 6), while for the second study, semi-structured
interviews (N = 4) were carried out. Findings from the two studies were used as the basis
for brainstorming sessions with HCI experts and interaction designers that took place to
define the appropriate design for the platform and its information architecture.

2.1.1. Card Sorting

Card sorting is a simple but effective user-centered design method, which proves
particularly useful for designing the information architecture of a website because it helps
understand how people organize contents and categorize knowledge according to their
mental model [30–32].

The individual open card sorting exercise was conducted with a group of 6 energy
consumers (three males and three females, average age was 37.6 years). Participants were
selected according to the following criteria: (i) were Madeiran-born or long-term residents;
(ii) Portuguese native speakers; (iii) had average self-reported knowledge of aspects related
to energy consumption—i.e., participants ranked themselves around 3 on a scale from 1,
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“no knowledge” to 5 “expert knowledge”; (iv) had limited or no self-reported experience
with Renewable Energy Sources (RES) generation (score of 1 or 2 on a five-point Likert
scale), but claimed to be potentially interested in the matter.

The card sorting exercise started with a brief introduction on the purpose and proce-
dure of the study given by the researchers. Participants were then provided with a set of
42 cards, each one with an energy-related statement or image printed on it (e.g., the image
of an energy label, a detail of the electricity bill, a diagram representing the components of
a solar PVs installation) and asked to categorize them according to their similarities and
describe the resulting groups. Card items were previously selected through brainstorming
sessions with a group of six experts with experience in energy and sustainability domains.
In addition, participants were given some empty cards they could use to write down items
that they would like to find on a website providing information about energy consumption
and renewable energy production. Additional qualitative data was gathered through the
think-aloud description of the card sorting exercise. In particular, we encouraged partici-
pants to describe how they would interpret each card and asked them whether they had
doubts about the meaning of some items or terms used. The sessions lasted between 35
and 47 min and were video recorded with consent from participants.

We adopted a general inductive approach to analyze the results from the exercise [33].
Affinity diagrams were used to identify clusters of patterns [34].

2.1.2. Semi-Structured Interviews

Semi-structured individual interviews were conducted with four prosumers (all are
solar PVs owners) recruited among the participants in the H2020 SMILE project. At the
time of the study, participants had an average of around 3 years of experience as energy
prosumers (ranging from 2 to 4 years), with average power capacity installed corresponding
to 2530 W. One of the participants installed a secondhand system. Out of four solar PV
generation units, three have been installed by professionals (certified electricians and
installers) and one by the owner himself. Three families out of four have children. Age
ranges of participants and family members vary between 15 years old and 74. Professional
occupation and educational background are very diverse among the sample.

Interviews started with a warm-up discussion about their experience as prosumers
before moving on to issues faced and what they wish they would have known before
becoming an energy producer. Other questions targeted the way they searched for and got
all information and/or support needed to turn into prosumers, as well as current needs
and motivations for improving their installation. Interviews lasted between 15 and 25 min,
were conducted over the phone, recorded (with consent), and transcribed. Interviews
were analyzed using an inductive–deductive approach [35]. All individual statements
were printed on separate cards. Affinity diagrams were used to identify main themes and
categories [34]. To ensure the reliability of the analysis, three researchers analyzed and
coded each interview independently. The resulting themes and categories were compared
and discussed. The researchers deliberated on coding discrepancies and disagreements
until consensus was reached.

2.1.3. Brainstorming Sessions

A series of brainstorming sessions with HCI experts and interaction designers was
conducted to define the information architecture of the platform and its design. Results
from the thematic analysis were used to inform the sessions and help generate ideas.
The entire platform, from the overall architecture to the individual pages, was iteratively
designed using diagrams, whiteboard wireframes and paper mockups.

It should be pointed out that the ideation phase was carried out contemporary to
phase 2 “content gathering and validation”. Indeed, although our methodology is here
described in a linear fashion, the research steps were not conducted linearly. The user
interface (UI) design was informed by the typology of content gathered, and all material
collected was carefully analyzed prior to defining a set of formats for content presentation.
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2.2. Phase Two—Content Gathering and Validation

The diagrams representing the information architecture of our system were used to
form a table of content, which then guided extensive desk research aimed at gathering
all content and materials to be included in the platform. Such content was collected from
multiple sources including scientific literature, policy and regulatory documents, technical
reports, and various internet sources. Information search was based on two main criteria:

• content produced/released by a reliable source (e.g., peer-reviewed journals, gov-
ernmental authorities, utility companies, and various institutions working in the
energy-environment domain).

• relevant for the specific context of Madeira island.

The information gathered underwent an extensive editing process aimed, in particular,
at producing a more ‘user-friendly’ version of the text (e.g., translate complex jargon or
remove unnecessary technical language). The editing and reviewing work was particularly
demanding and followed a two-step process. First, an initial version of the text was drafted
and iteratively reviewed by several researchers from the SMILE project team. Second,
the resulting document was shared with external experts working for (i) the Regional
Directorate of Economy and Inland Transports (DRETT), Funchal, Portugal, (ii) the Empresa
de Eletricidade da Madeira (EEM—the local DSO), Funchal, Portugal, and (iii) the Regional
Agency for Energy and Environment of the Autonomous Region of Madeira (AREAM),
Funchal, Portugal, to verify completeness, quality, and correctness of the content.

2.3. Phase Three—Prototype and Test

A high-fidelity prototype of the platform was thereafter created and tested with
potential users (N = 5). For the purpose of the study, the methods used were observation
combined with the concurrent think-aloud protocol and a survey to assess information
retrieval and usability, and more in general, to investigate how participants use the system.

An additional card-sorting exercise (N = 3) was conducted to further assess structure
and labeling of the navigation menus.

2.3.1. Study 1—Think-Aloud Protocol and Survey

The study was conducted during the Covid-19 pandemic. It took place outdoors and
in compliance with the Covid-19 prevention protocol.

The study started with a survey aimed at collecting demographic information. This
was followed by a think-aloud protocol and a questionnaire aimed at collecting some
quantitative data about the system’s usability.

Three females and two males with ages ranging from 44 to 49 years (average age was
46 years) participated in the study. Three live in a family with children (one, two, and four
children respectively, with ages ranging from 7 months to 18 years), and two live with a
partner. None of the participants is a prosumer, three out of five own a solar water heating
system, and one has recently purchased an electric vehicle.

Think-Aloud

The think-aloud is one of the most popular HCI techniques to evaluate interactive sys-
tems [36]. Participants in a concurrent think-aloud session are asked to verbalize whatever
crosses their mind while performing a given task. This method is therefore particularly
useful in contextual inquiry because it allows “to get users’ inferences, intuitions, and
mental models” [37] (p. 137).

In order to observe how potential users would interact with our system as well as
assess aspects related to information retrieval and usability, the following seven tasks were
given to participants:

• Find information about the purpose of the platform and how it works;
• Read the title of the menu items and tell us what you think they are about;
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• Tell us the main energy-related information you would like to know more about and
find it on the platform;

• Find information about existing energy tariffs and cycles;
• Find information about the existing energy labels;
• Find information about the main steps to take in order to install a solar PV genera-

tion system;
• Find information about the main components of a solar PV system.

The sessions were carried out individually. Participants took an average of 25 min to
complete the tasks, and all gave consent to video record the think-aloud sessions.

Prior to each session, researchers explained the think-aloud procedure to partici-
pants and demonstrated how to verbalize while thinking. During data collection, one
researcher silently observed the participant as he/she worked through problems and noted
specific events of the protocol. At the end of each task, follow-up questions were asked
for clarification.

The results were obtained by analyzing (i) task performance and (ii) verbalization
data. Specifically,

• task performance was determined considering whether the task was completed cor-
rectly or not and the number of wrong clicks before successfully completing a task
(‘good performance’ = 0 or 1 wrong clicks, ‘moderate’ = between 2 and 4 wrong clicks,
and ‘poor’ ≥ 4 wrong clicks). Overall performance for each task was obtained using
mean value of wrong clicks.

• verbalizations made while performing the tasks were transcribed and thematically
analyzed using a general inductive approach. Two researchers coded the major
processes of task completion independently before reviewing the codes jointly until
consensus was reached.

Survey

In order to collect additional data about perceived usability, after completion of the
think-aloud task, participants were asked to fill in an online survey containing the System
Usability Scale (SUS), developed by Brooke [38], and a set of additional questions (see
Table 1). Specifically:

Table 1. List of additional questions included in the survey.

Item Closed-Ended Open-Ended

1. It’s easy to find the information I’m looking for. X

2. The information provided is of quality. X

3. The amount of information provided is adequate. X

4. The information provided is reliable X

5. The graphics, images, and videos aid the understanding of
the text. X

6. The platform is well organized (content/section structure). X

7. This type of platform is relevant to me. X

8. There is nothing innovative in this platform. It’s similar
to others. X

9. List up to 3 weaknesses of this platform. X

10. List up to 3 strengths of this platform. X

11. Which are the aspects that could be improved? X
Questions were addressed to all participants in this order.
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• 8 closed-ended questions rated on a 5-point Likert scale (1 ‘totally disagree’ to 5
‘totally agree’) addressing aspects related to information retrieval, perceived quality
and reliability of the content, and perceived usefulness; and

• 3 open questions regarding positive and negative aspects of the platform and sugges-
tions for improvements.

2.3.2. Study 2—Card-Sorting

Parallel to the think-aloud session, a second study consisting of a closed card-sorting
exercise was conducted to further test structure and labeling of the navigation menus.
Unlike the open version, in closed card-sorting, participants are given a set of predefined
categories in advance (i.e., the main section of our information platform) and asked to
sort the remaining cards (i.e., topics and subsections of all webpages) according to their
semantic closeness to those categories [31]. This type of card sorting was chosen because
it proves particularly useful when “redesigning the existing information architecture of a
website” [39] (p. 11). Once again, the exercise was combined with a think-aloud description
of the cards.

Three subjects, all females (average age was 30.3 years), participated in the study.
Participants were recruited among researchers and Ph.D. students in HCI and digital media
at the Madeira Interactive Technologies Institute. The exercise lasted around 20 min and
was conducted in compliance with the Covid-19 prevention protocol. Informed consent
was provided to participants. The study was conducted by two researchers: one facilitator
and one note-taker. Pictures were taken throughout the exercise to support data analysis,
which followed a general inductive approach.

3. Results

This section aims to describe the results obtained for each research phase as explained
in Section 2. Phase 1 provides a summary of the information needs emerged from the card
sorting exercise conducted with energy consumers, and the semi-structured interviews
with prosumers. Phase 2 characterizes the desk research conducted to gather content for
the platform. Phase 3 outlines the results from the platform’s prototyping and testing. The
section ends with a report of users’ interactions with the platform over a period of four
months after its release.

3.1. Phase One—Information Needs
3.1.1. Card Sorting

The main information needs detected among consumers through the card sorting
exercise evolved around the following aspects: personal impact on energy consumption,
further understanding of the electricity bill, and lack of knowledge about the electrical
appliances and its energy use.

Participants could easily associate routines to family members, through certain time
periods within their household, and which devices were being used; however, they felt
there could be some space for improvement. As mentioned by C5, “I’ve organized according
to my routines, and the more family members there are the more consumption, even more if you have
children, it tends to increase the electricity use in the home ( . . . ) and in terms of times of the week,
weekends we use different things”. In that sense, they would like to know more about how
personal aspects impacted energy consumption. For instance, having a system that could
provide customized suggestions to improve their efforts in managing their household
consumption—not so much using household members identification, but more in terms
of activities as grouped in the card sorting exercise given during the sessions. If there
was not a system that would automatically suggest these, they would like to learn more
about other types of personal variables that affect consumption so they could correct some
behaviors within their home. As mentioned by C1, “I’d like to know if I’m using too much in
the mornings or in the evening, if I should rather change these activities and perform them on the
weekend for example”.
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In terms of the electricity paper-based bill, participants did not know how to read
the bill, other than the information on how and how much to pay for it. Their lack of
knowledge was evident when trying to read and explain the taxes and why they were being
charged certain amounts. In addition, they were not sure what was the power contracted
and what it meant for their household, or if they could do anything to change it. As voiced
by C1, “I don’t know what that means (power), it’s not something I hear everyday, they put it here
but people don’t know what it means, I only look at the price”. Or following what C6 quoted as “I
don’t know why I have to pay this (audiovisual tax), I know it’s mandatory but why do I need to pay
this? Why is it related to electricity? Do you know why?”.

In what concerns electrical appliances, participants knew how to use the devices,
that some affected the bill more than others; nevertheless, they could not differentiate
between high consuming devices through long periods of time, consumption measurement
or practical understanding of the energy classification that would allow them to purchase
more efficient appliances in the long term. One consumer organized the appliances all
in one pile as a reflection of this limited knowledge C4, “I’ll just place it here with all the
electronics”. In fact, they revealed the need to learn more about the electrical appliances
power and the energy classification. In spite of having a general understanding of these
energy categories, these could be even more user-friendly language oriented because they
would most of the time rely on price to purchase such devices along with the energy
classification. Our general understanding is that the most efficient devices are known to be
the most expensive.

When approaching the topic of energy production, consumers had very little informa-
tion about the topic. In fact, the most referred aspect was equipment costs, with cost being
a major aspect of the decision if they were to become prosumers at some point in their life.
As revealed by C6, “The idea that I have is that it is very expensive (to produce your own energy
at home) ( . . . ) another thing is how much space do I have to have to install the panels? Is my house
in a good position to capture solar energy or in a way I can place solar panels?”. Participants had
very little information about other cards shown, but once they read about it, they were
curious to learn more about the equipment needed and legislation.

3.1.2. Semi-Structured Interviews
Problems Prosumers Initially Faced

The starting point for prosumers was either the need to explore new technology, invest
some personal money in productive and long-term gains in mind, or to be able to use green
energy. As for the latest, prosumers assumed that it would be an easy process to do because
the news would mention a series of intentions from the governments to pursue more green
energy initiatives. However, while researching on how to install photovoltaic panels and
setting up their home energy production unit, they realized there were a few obstacles that
made it harder for them to do so. As one prosumer mentioned P4, “I did my homework for
several months ( . . . ) exchanged several emails with several companies, budgets, shipping costs,
types of equipment”. For instance, the legislation was not clear or hard to find, especially the
one about the regional area where they lived. As shared by prosumer P1, “My main problem
was my house, I live in an apartment, I had to request permission from the management company
and other apartment owners because I needed to have cables reach my 1st floor apartment ( . . . ) I
did not know how to do it, I asked around”.

When contacting the local energy company, they would be discouraged to install such
equipment, or the arguments would be they were not allowed, but no specific mention
to which rules or laws were not being followed. In some cases, they could not reach or
be given the most adequate person in the company who could provide the most updated
and correct information. As stated by P2, “I tried to know their relationship with (the company)
energy producers, then I realized they no longer purchased energy surplus from them ( . . . ) I didn’t
know where to look any further ( . . . ) I believed the installer would be more honest and install the
right equipment ( . . . ) I did not feel I could count on the company (electricity supplier)”.
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In addition, prosumers could not find a list of installers or professional sellers in
the island who they could talk to or even purchase the equipment needed for energy
production, as prosumer P3 said “I must have talked to three or four installers, did not hear back,
eventually found one to install the panels”. In fact, local companies would at the time discredit
it as a possibility and underestimate its benefits as shared by one prosumer P4, “I remember
the lack of credibility ( . . . ) I approached local company X and they said it was not worth producing
energy and storing it, it was not profitable enough ( . . . ) my understanding is that they were trying
to discourage me from installing panels”.

As a result, prosumers felt the need to research on their own and learn more about
the components because they came to find, these could be adjusted to their own needs,
depending on their household size, location and sun exposure, among other variables. As
P2 shared, “I think it is really important to check the type of electrical installation in your house, the
consumption you make and then choose the panels among the available prices and options, to assess
if it is really worth it or not”. On one hand, they learned while studying more the matter,
mostly on the internet or conversations with electricians. On the other, it was a significant
part of their personal financial investment, and they needed to make sure they were buying
the right equipment for their needs. Learning about the components helped them to make
more informed decisions while eventually approaching installers in the mainland.

In terms of their experience throughout time, once the equipment was installed, they
expected more production and more savings than the ones promised by the equipment.
Later they learned more about other aspects, such as the need to conduct maintenance to
improve the panels performance, or the need to adapt personal habits using the appliances
to match the highest solar production times in the day. Indeed, P4 stated “If I were to install
the panels today, I’d change the location, because my recent web search indicates I can produce more
energy if these are in the roof, which in my case they are not”. At the end of the study, P4 phoned
the team and had actually changed the panels to the roof of his house, ignoring the lack of
aesthetics (which was his first concern when he installed the panels), to further optimize
his energy production system.

Prosumer Information Search

In terms of information search, as described, prosumers found it hard to find, very
widespread, or, when they found it, hard to interpret and understand. It was also difficult
to find local information about the laws; the information was either confusing or not official.
Their main source was online through installers they found in Portugal mainland.

The next stage for the prosumers already established revealed their quest for more
information continues because they feel they still have a lot to learn. Overall, there is
still a lack of resources and guidance on how to upgrade their current installations. For
instance, having additional sources of information, understanding and learning more about
additional equipment they could install to improve their production such as smart meters,
Battery Energy Storage Systems (BESS), adding more photovoltaic panels, among other
aspects. Or in the case, they do not have more money or space to add more hardware, they
would like to learn of other alternatives they could apply to optimize their production,
whether it could be change of habits, purchasing electrical appliances that are more recent,
replacing a current component for a more recent one, or any other measure known to help
optimize even further the energy domestic production. As stated by P1, “I’m very much
interested in improving my installation, I want to upgrade it by adding a wind turbine ( . . . ) but
companies do not seem to know how to do it ( . . . ) I have already received my building’s permission,
just have to find a company that supplies it and knows what they are doing ( . . . ) I think it could be
used to collect energy during the night, when there is plenty of wind available, and then I’d use the
panels during the day”.

The sessions conducted with prosumers served as a guide to understand resources
used and contact points if any in the island used to start home energy production units. As
a result, the following patterns were categorized as a guide that future consumers could
follow on their journey becoming prosumers.
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The patterns identified were expectations to be considered, advantages and reasons to
become a prosumer, steps to be conducted in terms of roles, responsibilities, location assess-
ment and installer analysis. In addition, information specific to equipment, explanations of
main components and how these work, to support informed decisions while approaching
installers, as well as an updated list of installers either based or shipping to the island.
Each section was composed to answer specific questions, as we believe this format would
support the information search process in a user-centered perspective. Table 2 displays the
questions for each type of consumer chosen to support the information search process.

Table 2. Questions supporting information search by type of user.

Questions Consumer Prosumer

How do I interpret my electricity bill? X

How do my appliances consume energy? X

How do we influence our energy consumption? X

What does it mean to be a prosumer? X

Why become a prosumer? X

How/where to start? X

What is next and how does it work? X

Who can help me? X

How can I further improve my current energy
production home unit? X

3.1.3. Brainstorming and Ideation/Info Architecture

The next stage comprised the organization of the information platform content. The
goal was to gather the content to fill in each question listed in the Table 1 to support infor-
mation needs verified in Phase 1. The strategy used to create the questions was splitting
these into smaller and simpler categories or sections, in order to create a step-by-step
learning experience. Especially for the case of technical related concepts, a gradual ex-
posure to such elements seemed the most adequate strategy—in order to reach different
user starting-knowledge levels—where users could easily navigate, without feeling over-
whelmed, and select the depth of information as desired or needed. An example of the
information architecture used in the consumer section can be seen in Figure 1.

The consumer section was grouped into the three main following areas:

1. How to read/interpret my electricity bill? The goal of this question is to increase the
energy literacy specific to terms used in the electricity bill as it emerged as a potential
knowledge gap that could empower consumers to feel more informed and in control
of their monthly expenses.

2. How do my appliances consume/use energy? An additional knowledge issue was
associated with appliances and how they use energy, namely the power and how it
works. This area was formulated around the explanation of the power concept and
it differs for different appliances. Furthermore, explain as well the existing energy
labels and why these are important when purchasing an appliance. An example of
this can be seen in Figure 1.

3. How do we (users) influence our energy consumption? Users could easily associate
their routines to their consumption but wanted to further learn of others factors they
could perhaps act upon to reduce or control it. For that matter, the ideation resulted in
the research of additional factors which are explained with detailed descriptions, for
instance, type of house, moments of the week/weekend versus work days, moments
of the day, number of family members, having allergies in the family, and activities
(laundry, meal preparing, cleaning, among others).
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The Prosumer section was structured in six areas:

1. What does it mean being a prosumer? This question gathers information about what
defines a prosumer, and what to expect from it.

2. Why become one? This area describes reasons and benefits to encourage more people
to consider becoming one.

3. How to start? This section focuses on providing cues users can use to learn to identify
contextual characteristics in terms of responsibilities and who to contact or how
to select the most adequate installer. As well as conduct location assessment by
analyzing the following characteristics: type of house, technical characteristics and/or
potential limitations.

4. What is next? This section focused on listing estimation in terms of equipment costs,
explaining how it works, referring to logistics in terms of photovoltaic characteristics
and placement, and finally how to conduct its maintenance.

5. Who? This area lists professionals, and both informal and formal sources of informa-
tion to be used as guidance.

6. Further improvements—this area was destined to prosumers with equipment who
want to upgrade their current systems, description of additional components, sugges-
tions of alternative equipment or even a list of software available in the market that
could help optimize their photovoltaic panels even further.
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3.2. Phase Two—Content Gathering and Validation

During the content gathering phase, we encountered the same issues reported by
people during the SMILE participants recruitment process and the several dissemination
activities performed throughout the project. That is, the information is

• widespread;
• not easy to understand (very technical or full of complex jargon);
• often contradictory or unreliable (several unofficial sources that provide different and

misleading information).

Therefore, results from desk research support the need for a comprehensive, context-
specific, reliable and, most importantly, user-friendly information tool. For this purpose,
the extensive body of information gathered underwent an editing process aimed not only
at simplifying the language but also at ‘translating’ the content (as much as possible) into a
visual form. In this sense, ‘content gathering’ and ‘ideation’ were conducted contemporary.
The ‘information blocks’ gathered for each section of the platform were analyzed at the
semantic level. As a result, the following design guidelines and set of formats for content
presentation were defined:

• Remove complex jargon and unnecessary technical language. When not possible
to do that (e.g., terms relevant to ‘interpret’ the legislation), include a user-friendly
explanation of the terminology;

• Processes (e.g., bureaucratic steps to register a solar PV installation) should be pre-
sented in a visual form, for example a timeline or a bullet list;

• Technical description of hardware (HW) components should always be combined
with a realistic or diagrammatic representation of the element, so as to help user
understand and ‘visualize’ it;

• In-depth descriptions of the components of a more complex element (e.g., the electric-
ity bill or energy label) should be presented in the form of a visual diagram containing
interactive hotspots that give access to further information.

• Use different visual languages to differentiate the typology of information. For in-
stance, illustrations and videos to describe social-related aspects (e.g., how some
behaviors could influence energy consumption), while pictures or diagrams should
be used to represent technical content.

Finally, the UI design was detailed using wireframes and paper mockups (Figure 2).
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3.3. Phase Three—Prototype and Test

After textual and visual content was gathered, edited and validated by experts, we
created a high-fidelity prototype of the information platform (Figure 3). The prototype was
tested with potential users (N = 5) in order to assess aspects related to information retrieval
and usability. An additional card-sorting exercise (N = 3) was conducted to further assess
structure and labeling of the navigation menus. Results of both studies are reported below.
The section ends with a summary of results from phase three and consequent refinements
made to the platform.
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3.3.1. Think Aloud
Task Performance

In terms of task performance, the think-aloud sessions produced good results (summa-
rized in Table 3). Six out of seven tasks were successfully completed by all participants, with
average performance levels ranging between good (T01, T03, T05 and T07) and moderate
(T06). While task 04 was not completed by any participant.

Verbalization Data

Task 01—Find information about the purpose of the platform and how it works:
All participants successfully completed the task without any difficulty. Interestingly,

even before starting to perform the task—i.e., searching for the web-page that provides
such information—one participant was able to tell us the main purpose of the platform
and its target audience by looking at the top menu, “it looks like an informative website to me.
It’s for those who produce energy (moved the mouse over the item “self-consumers”) . . . but it also
provides information for energy consumers (moved the mouse over “consumers” and started reading
the items of the drop-down menu)” (C6). This suggests that the way the menu structure is
designed and displayed provides insights on what to expect not only in terms of content
but also functionalities.
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Table 3. Task completion and performance per each task in the think-aloud.

Task Task Completion Performance Level

T01. Find information about the purpose
of the platform and how it works Successfully completed Good

T02. Read the title of the menu items and
tell us what you think they are about Successfully completed *

T03. Tell us the main energy-related
information you would like to know

more about and find it on the platform
Successfully completed Good

T04. Find information about existing
energy tariffs and cycles Not completed

T05. Find information about the existing
energy labels Successfully completed Good

T06. Find information about the main
steps to take in order to install a solar PV

generation system
Successfully completed Moderate

T07. Find information about the main
components of a solar PV system Successfully completed Good

* Given its nature, the performance of this task was not evaluated considering the number of ‘wrong clicks’.
Results of this task are provided below.

Task 02—Read the title of the menu items and tell us what you think they are about:
All participants provided a correct description of the menu and submenu items related

to the “consumer” section. However, several comprehension issues emerged with the items
belonging to the submenu “self-consumers”. This result could be partially explained by
the fact that all participants in the study are not prosumers, and therefore not familiar with
aspects related to renewable energy production: “I’m not even sure what a self-consumer is. It
would be interesting to have an official definition for it” (C5).

The most critical items (all participants had difficulties in providing a definition for
them) were (i) where to start; (ii) how it works; (iii) professionals; and (iv) improvements.
Verbalization data suggests that those items were perceived as too generic. For example,
when talking about “how it works” a participant stated, “‘Where to start’ . . . mmmm, I don’t
know. It’s quite general. If I have to guess, I’d say it could be about where one can buy the equipment
or . . . I don’t know” (C5). Such a lack of specificity led to several misleading interpretations
and hesitant guesses: “‘Professionals’ might be a list of companies that have solar panels and sell
the energy they produce” (C7) and “(Professionals) could be a list of suggestions to become a pro; to
learn more about energy production” (C9).

Task 03—Tell us the main energy-related information you would like to know more
about and find it on the platform:

All participants successfully completed the task without any difficulty. However, two
out of five confessed that they picked a piece of information that caught their attention
while performing task 02 instead of thinking about an existing information need: “I choose
‘energy label because I knew it was there. Anyway, that is something I was already curious about”
(C6). Although the main goal of this task was to test information retrieval, this finding
suggests that the topics selected during phase 1 (i.e., understanding users’ information
needs and ideation) are indeed relevant to our target audience. Almost every participant,
while performing task 02, showed genuine interest and curiosity about several items,
“(interpreting the item ‘factors that influence consumption’) That’s interesting. I’d like to know
more about what affects my energy consumption and whether there is something I can do to reduce
it” (C8).

Task 04—Find information about existing energy tariffs and cycles:
None of the participants completed this task. Two different but related issues led to

such result: (i) lack of affordance and (ii) lack of consistency.
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(i) This specific piece of information was accessible only through one of the interactive
hotspots embedded in the sample image of an electricity bill (see Figure 4). However, none
of the participants understood that the sample bill was an interactive element and therefore
kept searching for information about tariffs and cycles throughout the page: “(to one of
the researchers) If you hadn’t told me, I would have never selected those green circles on the bill. I
thought that was just an image” (C8). The main bottleneck here was a lack of affordances—i.e.,
properties of an element of the UI which provide a prompt on how to interact with it.
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of the “read more” buttons that give access to additional information.

(ii) Normally, after selecting one of the hotspots, a pop-up window providing a
description of the item opens (see Figure 4). However, unlike the other interactive items,
the amount of information regarding energy tariffs and cycles is too extensive to fit into
a pop-up window. Therefore, after a short description of the item, a link that leads to a
stand-alone page with further information on the subject is provided.

After the researchers revealed that the sample bill was an interactive element, all
participants found the correct hotspot, but only three out of five accessed (not without any
difficulties) the ‘tariffs and cycles’ page by selecting the link at the bottom of the pop-up
window. The difficulties experienced in finding the link could be explained by a lack of
consistency in the mode of interaction. Indeed, throughout the platform, whenever the
user is given the possibility to access further information about a topic, such feature is
provided through a green, “Read More” button (Figure 4). Such a lack of consistency was
clearly highlighted by one of the participants during another task: “(talking about the “Learn
More” button) here it is clear that I can open another page and find more information” (C5).

Task 05—Find information about the existing energy labels:
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All participants successfully completed the task without any difficulty. Part of the
information regarding the energy label was provided through a visual diagram containing
interactive hotspots, similar to the one involved in task 04. Participants immediately
recognized it as an interactive element, “This must be like the bill! Let me see what these symbols
mean (selected some hotspots)” (C8). Once again, this suggests that the only issue with such
format is the lack of affordances, which makes it very similar to any other static image.
However, users just need to experience it once to immediately interiorize it.

Task 06—Find information about the main steps to take in order to install a solar PV
generation system:

All participants experienced some difficulties in performing this task. From the ver-
balization data it emerges that all obstacles are linked to unclear or misleading labeling.
In particular, three menu items were the major source of confusion: “being an energy pro-
ducer” (about legal framework), “where to start” (about the steps to become a prosumer),
and “how it works” (describing the components of a solar PV system). C5, for example,
went first to ‘how it works’, “if I want to install solar PVs I need to know how that works”, then
to ‘being an energy producer’, “perhaps this one . . . being an energy producer in the sense of
how to become one”, and selected the right section only on the third try.

Participants also appreciated the way the information was presented (i.e., the steps
were visualized in the form of a timeline) “I like the timeline. It’s easy to understand; a sort of
step-by-step guide” (C6).

Task 07—Find information about the main components of a solar PV system:
All participants completed the task without any difficulty. However, it must be pointed

out that four out of five subjects had already explored that page while performing the
previous task, therefore they already knew where to go. In this regard, several suggestions
on how to relabel the item were provided: “I’d rather call it ‘the system’ or something like
that” (C8) and “‘Components’ is more appropriate. ‘How it work’ makes me think about something
related to procedures” (C7).

3.3.2. Survey

A survey containing the SUS and a set of additional questions was administered to
collect additional data about perceived usability and perceived quality of the platform.
Individual responses to the SUS items (Table 4) indicated that all participants considered
usability of the platform as ‘excellent’ and ‘best imaginable’ [40] (p. 592), with scores
ranging from 75.0 to 87.5. The overall mean score was 83, therefore ‘excellent’.

The SUS items were followed by a questionnaire composed of (i) eight closed-ended
questions addressing information retrieval, quality and reliability of the content, and
perceived usefulness, and (ii) three open-ended items focusing on more general topics such
as positive and negative aspects. All the eight closed-ended items scored high and the
responses were homogeneous among participants (see Table 5).

Unsurprisingly, the two items with lower scores are those related to information
retrieval (item 1) and content structure (item 6). Such results are consistent with those from
the think-aloud sessions, where participants experienced difficulties while performing
information search tasks due to some misleading labels. On the other end, respondents
seem to perceive the platform as a reliable tool and have appreciated the quality of the
information provided in terms of both content and presentation. Usefulness (C6 and C9),
quality of the information (C6, C7 and C8) and content presentation (C5 and C6) were also
reported in the three open-ended items as positive aspects of the system. As expected,
the main negative aspects that emerged overlap with the bottlenecks experienced during
the think-aloud sessions, in particular, unclear labeling (reported by all participants) and
lack of affordance of some interactive elements (C5 and C8). Besides listing positive and
negative aspects, some participants provided suggestions for improvements. Most of them
regarded the need for relabeling some menu items (C5, C6 and C7) and increasing visibility
of interactive features (C5 and C8). C8 also suggested implementing a search functionality
to facilitate information retrieval.
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Table 4. Results of the SUS.

Items
Participant ID

C5 C6 C7 C8 C9

1. I think that I would like to use this
system frequently. 5 4 3 4 3

2. I found the system unnecessarily complex. 2 2 2 1 2

3. I thought the system was easy to use. 2 4 4 4 4

4. I think that I would need the support of a technical
person to be able to use this system. 1 2 1 1 1

5. I found the various functions in this system were
well integrated. 5 4 4 5 4

6. I thought there was too much inconsistency in this
system. 1 2 1 1 2

7. I would imagine that most people would learn to
use this system very quickly 5 4 5 4 4

8. I found the system very cumbersome to use. 1 1 1 2 2

9. I felt very confident using the system. 4 4 5 4 4

10. I needed to learn a lot of things before I could get
going with this system. 1 2 1 1 2

Individual total score 87.5 77.5 87.5 87.5 75.0

Overall score (mean) 83.0
1 ‘totally disagree’ to 5 ‘totally agree’.

Table 5. Results of the eight closed-ended items.

Items
Participant ID

C5 C6 C7 C8 C9

1. It’s easy to find the information I am looking for. 5 4 4 4 4

2. The information provided is of quality. 5 5 5 5 4

3. The amount of information provided is adequate. 5 5 5 5 4

4. The information provided is reliable. 5 5 5 5 4

5. The graphics, images, and videos aid the
understanding of the text. 5 5 4 5 5

6. The platform is well structured (content, sections). 5 4 4 4 4

7. This type of platform is relevant to me. 5 5 5 5 4

8. There is nothing innovative in this platform. It’s
similar to others. 2 1 1 1 1

1 ‘totally disagree’ to 5 ‘totally agree’.

3.3.3. Card Sorting

All participants easily sorted the cards related to energy consumers and placed them
in the ‘right’ category, with only minor differences from the original content architecture.

Difficulties emerged with the content of the section about energy producers. Once
again, this could be partially explained by the fact that none of the participants is a prosumer
and therefore is not familiar with aspects related to energy production. Participants
attempted a semantic interpretation to sort those cards whose meaning was unknown to
them, “‘irradiance’ must have something to do with light and solar radiation so, it could be an
aspect that influences the amount of energy produced by solar PVs” (C11). By adopting this
strategy, they managed to sort almost all of the remaining cards. However, a few cards were
left aside by all participants, in particular those related to more ‘technical aspects’ such
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as: Demand Side Response Strategies, Inverter, Energy Monitoring Systems. Interestingly,
participants in the think-aloud did not report any issues regarding those items. This could
be explained by the fact that in the platform, technical terms are always combined with a
user-friendly explanation and/or some visual support (see design guidelines Section 3.2).

Another issue that emerged from the card-sorting exercise (also reported by the
participants in the think-aloud sessions) is that some of the menu labels were too generic,
suggesting the need for detailing them further: “(talking about ‘improvements’, which was one
of the fixed categories of self-consumers) This one could also belong to consumers. People can make
improvements to reduce their consumption” (C10). Finally, the menu items reported as the
major source of confusion were consistent with those that emerged in the previous study:
“I had doubts on whether to put this one in ‘being an energy producer’ or ‘where to start’. These two
categories have pretty much the same meaning to me” (C12).

The results obtained in this phase show the excellent usability of the platform, in
particular from the findings of the SUS administered to the participants. However, results
from think-aloud and card sorting enable the identification of the main problems that
needed to be addressed and also enlighten us with valid and relevant solutions, taking into
account the input collected from the participants. In fact, the two main problems detected
were that some labels are too general that led to mismatch and therefore unknowing
the content-related inside some sections, and that the navigation aids were not clear or
immediately detected and perceived. Consequently, we had the conditions to make the
changes to improve the platform. Concerning the navigation aids, we added “Learn more”
to access pages about “Tariff and Cycles” and increased the dimension of hotspots and
animated instructions on how to use the interactive diagram in “How to read my electric
bill” and in “Energy Label”. Finally, we rephrased the labels based on suggestions provided,
as shown in Table 6.

Table 6. Labeling refinements: changes made to the most critical items of the menus.

Original Label Revised Label

Producer Self-consumer *

Being an energy Producer Legal and operational framework

Where to start How to start

How it works PV system components

Improvements System optimization

Professionals Useful Contacts
* Though throughout the article we refer to this section as “prosumers”, for semantic rigor, we put in the table the
literal English translation of the Portuguese term used for this label (i.e., “autocosumidores”). Such term refers
specifically to the energy producers that operate in self-consumption mode only.

3.4. Users’ Interactions with the Platform

Energias Madeira was refined according to the results of the prototype and test phase,
and ultimately released. For that purpose, the local SMILE partners—(i) Associação do
Comércio e Indústria do Funchal (ACIF-CCIM), Funchal, Portugal, (ii) EEM, Funchal,
Portugal, (iii) PRSMA, Funchal, Portugal, and (iv) Interactive Technologies Institute (ITI),
Funchal, Portugal—organized a public event to launch the platform. The event was
held at the headquarter of ACIF-CCIM and attended by a representative of the Regional
Energy Regulator. To ensure effective dissemination of Energias Madeira, the full event was
covered by local television and the platform promoted on the Social Media channels of the
SMILE partners.

The users’ interactions with the platform have been constantly monitored via Google
Analytics. When comparing data of month 1 (February 2021) with that of month 4 (May
2021), we observe an increase in all the metrics (see Table 7). Particularly relevant is the
percentage of returning visitors, which increased from 0.4% of February to 15% of May. This
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very preliminary result suggests not only that the information platform keeps attracting
new users, but also, and especially, it seems to retain an increasing number of them.

Table 7. Users’ interaction data.

Metrics Month 1 Month 4 Trend (M1 vs. M2)

Nº of users 383 448 +16.97%

Nº of sessions per user 1.08 1.21 +12.07%

Pageviews 559 858 +53.49%

Average session duration
(seconds) 80 104 +30.50%

% of new visitors 94.6% 85%

% of returning visitors 0.4% 15%
Source: Google Analytics.

4. Discussion

Access to reliable information about energy consumption and production without
overwhelming the users will be an essential condition to sustain a transition towards a
higher share of renewables. Similarly, as done in the UCD approach, focusing on the
users’ needs and interests [21,22], it will do so by bringing more users to get involved in
the energy management and generation, by becoming themselves energy collaborators in
the design of this renewable future. Our work uncovered information gaps and lack of
resources faced by consumers and energy producers, which later were used to build an
information platform we believe will help sustain the transition mentioned above.

In spite of the large number of initiatives to raise awareness and foster sustainable
behaviors, the “top-down approach” used through the creation of new policies, technologi-
cal improvement, economic incentives, etc., fails to reach consumers’ needs and concerns.
More specifically, it does not address the first and most important problem that prevents
users from getting involved, which is the low energy literacy as seen in [12–14]. This case
study intends to demonstrate a “bottom-up approach” while looking at end-users and
their needs, which is at the heart of HCI practice and UCD approach [21,22]. Despite HCI
being involved only at the end of the design process (validation/usability/testing), the
current work presented an example of how HCI methodologies could be used throughout
the entire design process, from ideation to validation. For this particular case, it works
from users’ current knowledge assessed in the early phases of the design process, without
assuming users’ knowledge levels. By doing so, the chances to reach more effective and
less “expensive” actions or measures are much greater. Nevertheless, we would like to
emphasize that our main focus is on the process and methodology adopted to design the
platform, which should therefore be regarded as a case study.

When user needs are considered and directly collected, users are more likely to
participate, feel heard, and more prone to engage in green energy-related initiatives [9–11].
The key to user engagement relies on the supply of information that is directly relevant
but also provides benefits that are clear for the users. As a result, for certain cultural
contexts, some benefits might be more relevant than others. As such, the HCI process
and methodologies that aim to increase user engagement seem the most adequate because
they will consider the unique characteristics of each location [6,25–28]. Being that Madeira
has a complex geographic context, this methodology seems to be adequate in delivering
the energy education needed to address the low literacy levels as suggested by [8]. In
fact, these methodologies are a great contribution since its practices for modeling the link
between interactive technologies, human values, and lived experiences were the perfect
tool to adopt in this case study. Its focus is particularly fundamental when designing
digitally mediated experiences aimed at raising awareness on environmental issues and
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energy efficiency. In particular, energy literacy, essential to have users on board to learn of
other ways they can increases energy efficiency within their households [7,8].

The process used here, namely, research through design, was the most appropriate
approach to design the platform, as it combined an iterative approach where user’s needs
in the ongoing research project were thoroughly analyzed. At the beginning of SMILE,
the team faced great difficulties recruiting users that could join the project, which later
came to explain that the island’s energy literacy was still far from the numbers reported
in other European areas—not due to the lack of attempts, but to the lack of reliable and
centralized sources of information that could help users understand, learn and participate
in the energy green initiatives, energy production being one of them. This work provides
a description of the steps and how HCI methodology was used to bring these users into
the conversation on energy efficiency and smart grids. At least the remaining users, which
were a large section of the population, as part of the ones eventually recruited to the project,
were essential to structure and model the knowledge gaps into the tool we described—the
information platform.

Increasing energy literacy meant matching the current information gaps in terms of
energy consumption and production, directly relevant to the ongoing research project.
As a result, the iterative nature of the work conducted involved transforming the con-
tent in several stages, where the main concerns were removing unnecessary complex
language, complementing technical descriptions with diagrammatic representations, in-
depth descriptions when necessary, and finally, the use of visual language to support
the step-by-step learning experience. Such strategies helped leverage the knowledge as
measured in the prototyping and testing sessions. The preliminary analysis of the user
access to the information platform indicates that a user-centered approach does attract
users to explore the information and come back to it, retaining them throughout time.
Further work would be necessary to evaluate if the knowledge gain was sustained over
time. Being that the platform an always accessible and living tool, it can be consulted at
any time the consumers feel the need to and will be updated according to changes that
may occur about the sections displayed.

5. Conclusions

We presented the development of an information platform targeting Madeiran citizens
using UCD and HCI methodologies to understand and assess users’ energy literacy. Unlike
other user-driven initiatives, this work describes one that brings users throughout all stages
of design. The creation of such a platform had the essential collaboration of the energy
players in the regional context, which were in part identified in the need collection phase
while interviewing both consumers and prosumers. Finding the formal and reliable sources
involved navigating the complex and bureaucratic nature of such aspects, and in fact, was
facilitated through the HCI methodologies previously described. Finding such elements in
the community as soon as possible is one of the contributions while adopting such work
tools. It not only validates the work but also adds credibility, especially for smaller regions
such as islands. On the other hand, further work would need to be conducted to verify if
similar information gaps and needs would be found in other regions across Europe. If so,
we would recommend the approach used in this case study.

We would like to emphasize that the number of participants was limited due to the
restricted access to users imposed by COVID-19 confinement measures. If it were not so,
a validation study would have been conducted using a workshop format with further
prosumers. Nevertheless, it allowed for a more qualitative approach while refining the
information platform.

This work can be extended in several ways, one being the inclusion of other emergent
topics such as electric cars and smart charging technologies and approaches. Other ways
include by evaluating knowledge gains over time, understanding how to help citizens
learn green initiative terms, or even determine how the information platform can be used
to support institutions addressing their users’ current energy literacy. This work’s goal will
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be to update the platform as needed to strengthen the energy literacy of consumers and
turn them into the energy collaborators of the future.
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