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Executive Summary
The POWER (Political and sOcial awareness on Water EnviRonmental challenges) project (H2020-ICT102015) is funded under the H2020 programme ‘Collective Awareness Platforms for Sustainability and Social
Innovation’. This document forms the deliverable D3.3, the output of Work Package 3, Task 3.4: Gamified
knowledge visualization models. The objective of this task is to develop and assess a model that uses
gamification and visualization techniques to enhance user interaction with the POWER DSP, and to integrate
it into the POWER platform. In this deliverable we address that objective.
The developed model combines the visualization of users’ knowledge acquisition inferred from their
interaction with and contribution of content to the POWER DSP with gamified incentives relating this to
different types of achievements and rewards. The model also supports multiple perspectives by providing
visualizations that allow users to perceive their progress and impact of their actions from their individual and
community perspectives. Moreover, the developed model is multi-perspective also in that it addresses
different types of users by accommodating different types of motivational mechanisms from relevant
literature. The different motivational user types inform the model design in the choice of a suitable set of
gamification elements that cover a wide variety of motivations - and are suitable for the task at hand.
Addressing different motivational user types enables the minimisation of biases (e.g. gender bias) that could
result from relying on just one specific type of incentives (e.g. competition vs. collaboration). In doing so, we
also apply the concept of multi-perspectivity in the model design by choosing and implementing gamification
elements in a way that allows individual gamification elements to integrate and address several different
types of motivations. In this way, a variety of different motivation can be supported, while the number of
different elements used is contained in order to not overwhelm users. This design choice is an original
contribution to the existing state-of-the-art in the field of gamification research and design. Accordingly, the
developed model of gamified knowledge visualization supports multiple perspectives on knowledge progress
(individual vs. community), multiple perspectives on users’ achievements (preparedness, impact, knowledge
status) and multiple perspectives on user types and related motivational mechanisms that prevent designbias with respect to underlying user characteristics (e.g. gender).
The document presents in Section 2 how the development of the gamification model was informed by the
relevant literature and the POWER application context. Particular attention is given to theoretically-founded
gamification models and elements. In addition, empirical studies about user types and motivations, and
successful application cases in the environmental domain haven been considered. Next, the developed
gamification model is described in section 3. It shows how its design and elements address different user
types and motivational mechanisms, and how it integrates visualization with gamification. This is followed by
section 4, in which the analysis of the results of an extensive evaluation of the developed model in a series
of online crowd-tests is presented, covering comprehensibility, motivational effect and user acceptance. In
particular, the motivational effect is tested across the various water issues and potential influence factors
such as gender, geographical communities, and finally user types. Finally, in section 5, the technical
implementation of the developed model in the POWER DSP is presented.
The developed gamification model has been evaluated with a broad sample of 507 users. The results show
that the model is well-suited to address different types of users who are motivated by different motivational
drivers. A positive motivational effect was confirmed by a large majority of participants overall and for the
different gamified elements of model (between 70-80% in most cases, and higher for som aspects). We found
that users were equally motivated, irrespective of the water issue the model was applied to: flooding, water
saving, water reuse, or efficient water use. No substantial differences in the motivational effect were found
with respect to gender and with respect to geographical communities in which the POWER DSPs are
implemented - except for Israel where an even higher motivational effect on average was observed than in
the other countries. Testing with samples of participants from other EU countries (beyond the POWER pilot
communities) has also shown no substantial differences in the observed motivational effect. Such results
confirm the suitability of the chosen approach and the deveoped gamification model that consciously aims
at addressing the different motivational user types and adopts a multi-perspective design that integrates
different types of motivations.
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Introduction

The goal of the POWER Digital Social Platform (DSP) is to help users to gain knowledge and awareness of
water related issues affecting them and their communities. To increase user interaction with the POWER DSP
and the underlying water issues, the platform integrates gamification techniques (Deterding, Khaled, Nacke,
& Dixon, 2011). The purpose of the POWER gamification model is to increase user interaction with the
POWER DSP in order to increase their awareness, knowledge and engagement with water-related issues dealt
with within POWER. The starting point for the POWER gamification model, a gamified objective for the
POWER DSP is defined as the achievement of a good preparedness of the given local POWER water
community to deal with their specific water issue. We identify motivational drivers and persuasion strategies
in order to achieve this objective and at the same time address a broad spectrum of users (Orji, Nacke, & Di
Marco, 2017).
As a result, we develop an integrated gamification model that uses a distinct set of gamified elements for
addressing different types of motivations and users. We test and evaluate the applicability of the gamification
model to the water issues addressed by the POWER project and on a broad spectrum of users and
geographical locations. In this way we assess and verify the suitability and robustness of the developed
gamification model with respect to main aspects that could affect its suitability for different users and
contexts.
This document describes the design, implementation and assessment of the developed gamification model
for the POWER DSP. It starts by reviewing the main gamification and persuasion models and theories relevant
for the application context of the POWER DSP (Section 2). In order to better illustrate the different types of
approaches pertinent to POWER, selected examples of applying gamification to similar projects from the
environmental domain are also given. Next, the description of the developed gamification model design and
its characteristics is presented. In particular, this section elaborates on key design features that address
different user types and motivational drivers such as the visualization of individual and community
perspectives (Section 3).
The results of an extensive evaluation and assessment of the developed model in a series of online crowdtests are given and analysed in Section 4 to assess its suitability (e.g. comprehensibility, motivational effect,
user acceptance). Section 5 presents how the developed gamification model has been implemented in the
DSP, complementing the information available in other deliverables (i.e. D2.3 and D2.4) that describe the
implementation of the overall platform. The deliverable closes with conclusions, were we summarize the
main findings of the assessment of the suitability of the proposed model for the POWER DSP, of its robustness
with respect to different factors (e.g. gender, geographic community) and of its transferability beyond the
key demonstration cities and their water issues in the POWER project (section 6).
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Gamification and persuasion

The POWER project introduces the Digital Social Platform (DSP) to help cities motivate users to gain
knowledge and raise awareness about’ water related issues. However, this is not an easy task as citizens tend
to have a low awareness of water issues. For example, the water issues that are being highlighted in POWER
Key Demonstration City (KDCs) lack high levels of community awareness. Awareness for extreme weather
related flood risks or water scarcity are typically not considered as a problem until they actively disturb the
livelihood of those affected (Steven Koop et al., 2018; Šteflová, Koop, Elelman, Vinyoles, & Van Leeuwen,
2018). They tend to occur rarely or sporadically, with the extreme events often being distant in time. This
makes it difficult to appeal to citizens’ awareness and the need to prepare, in particular, since there is no
imminent danger or when the memory of the last events has long faded away. In general, the consequences
of environmental issues or protection actions are not immediately visible as it might take a long time to have
a visible effect on the environment. In many cases, the consequences might be out of sight for the citizens as
it affects them in indirect ways such as gradual increases in the price for water services or the risk that they
are exposed to. To illustrate this point, draught might impact citizens shortly by for example water-use
restrictions but the water supply is rarely interrupted in developed countries. However, investments in new
treatment facilities lead to long term increases in the drinking water price and partly irreversible damage to
ecosystems, in particular aquatic ecosystems (Grant et al., 2013). Similarly, while flooding may occur more
frequently on a smaller scale, extreme floods are comparably rare – even though in many areas their
likeliness is greatly increasing, due to climate change and urban developments in flood prone areas (Steven
Koop et al., 2018; Ligtvoet et al., 2014).
As a consequence, people need additional incentives and strong persuasion to engage in learning about and
performing water saving and/or flooding preparedness actions. One of the challenges of the project is to
stimulate the users to get involved in learning about such water issues and what they can do about it, even
if they have not suffered the consequences of a water related problem. A related goal is to stimulate them
to engage in sharing knowledge and/or experiences with such situations, so as to increase mutual awareness
and preparedness. In this context, the project investigates the use of gamification techniques to provide
additional motivational drivers and incentives to help increase user interaction with the POWER DSPs
attempting to raise awareness of different water issues, as exemplified in the POWER key demonstration
cities (KDC).
Gamification techniques have already been successfully applied in different domains for increasing user
motivation to interact with and share knowledge on online platforms (see Böckle, Novak, & Bick (2017) for
an overview). There is also a sizeable body of literature on gamification models, motivational mechanisms
and persuasion techniques that can inform the development of gamified applications. Accordingly, in this
section we first discuss the main theoretical foundations on which the development of the gamification
model for POWER is based. This includes an overview of main motivational theories that typically inform the
design of computer-supported motivational mechanisms, an overview of the main models informing the
design of persuasive systems and a selection of main gamification models of relevance to POWER. This is
completed with a selection of existing examples of gamified approaches in the water domain pertinent to
POWER.

2.1 Persuasive systems and motivation
2.1.1

Computer-supported motivation

A motivation model for social computing applications proposed by Vassileva (2012) can help understand how
motivational theories can inform the design of computer systems that aim at increasing user motivation to
engage in specific actions or behaviour (e.g. gamified applications, persuasive systems, behavioural change
systems). This model distinguishes between three classes of motivational theories: needs-based, socialbased, and rewards-based theories of human motivation. The more a system appeals to these needs, the
stronger the drive users feel to use it. Accordingly, such systems need to offer a combination of different
types of need-based, social-based, or reward-based motivational affordances to engage users.
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Each of these classes of motivational theories contains different models and approaches. Given the scope of
this document, just the most representative theories in each class are briefly outlined here:


Needs-based motivation: This theory consists of three key components: need achievement, which
states that achieving success and avoiding failure are not equal and humans might seek one or the
other (John W Atkinson & Litwin, 1960). Self-efficacy states that it is the individual’s belief on their
abilities which can lead to success in specific situations (Bandura, 1977). Finally, the basic desires
identifies sixteen desires that are basic in guiding a large part of the behaviour (Reiss, 2004).



Social-based motivation: This theory includes two supporting frameworks: Social Comparison, which
is built on the assumption that the motivational drive of people is influenced by their need for
accurate self-evaluation of their opinions and abilities (Festinger, 1954). Secondly, the Personal
Investment framework argues that the motivation based on the individual’s investment of time and
effort in a task depends on personal incentives, beliefs and alternatives (Schilling & Hayashi, 2001).



Reward-based motivation: This theory is based on the Expectancy-value theory (John William
Atkinson, 1964), which is based on the users’ expectation of and the assigned subjective value to
the tasks. There are different components of subjective task values: attainment, importance,
intrinsic, utility or usefulness, and cost (Eccles, Wigfield, & Schiefele, 1998).

Self-Determination Theory (SDT) (Richter, Raban, & Rafaeli, 2015) comprehends the needs-based socialbased and reward-based theories. SDT argues that human behaviour is driven by three needs: autonomy,
competence and relatedness. The conditions that support these needs are the most effective forms of
motivation, and they can produce enhanced performance, persistence and creativity. On the other hand,
marring of these needs leads to diminished motivation and wellbeing. As part of SDT, motivation can be
considered as a multidimensional construct that ranges from intrinsic through extrinsic motivation to
amotivation (Ryan & Deci, 2000). To traverse the scale different regulators can be employed: non-regulation,
external, introjected, identified, integrated, and intrinsic. The more behaviour is self-regulated, the more
autonomy one perceives, and the more intrinsically motivated can be.
Besides the abstract theories and definitions of motivation, such theories allow us to draw insights for the
design of concrete computer-supported motivational systems, such as gamified applications. One step in
this direction is the concept of motivational affordances, that builds on the concept of affordances from
Gibson (1979), to define properties of an object (or system) that determine whether and how it can support
one’s motivational needs (Zhang, 2008).
Another perspective is provided by uses and gratifications theory, that is based on the assumption that the
audience (or the users) actively seek out and use media to fulfil their needs (Blumler & Katz, 1974). The uses
and gratifications approach has been applied to many different kinds of media and devices from which two
classes of uses can be distinguished: instrumental and ritualistic (Hiniker, Patel, Kohno, & Kientz, 2016).
This classification is similar to the distinction between pragmatic and hedonic value users derive from
information systems. Utilitarian systems address tasks and activities where user motivation in using the
system is driven by the expectation of an external reward or benefit (Heijden, 2004). In contrast, hedonic
systems serve activities in which users are intrinsically motivated by benefits stemming from the interaction
with the system as such, including fun-of-use (Heijden, 2004). Hedonic systems typically provide stimulation
by their challenging or novel character, or identification by communicating important personal values to
others (Hassenzahl, 2004). Utilitarian systems primarily afford instrumental uses, whereas hedonic systems
mostly afford ritualistic uses.
Accordingly, designing for specific pragmatic or hedonic qualities can provide important motivational
affordances for system usage (Zhang, 2008). Increasingly, research has pointed out that such a dichotomy
may be difficult to sustain, as there are classes of systems that need to combine utilitarian and hedonic
aspects in order to reach their goals and be accepted by the users (see e.g. Novak et al. (2018) and Novak &
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Schmidt (2009)). Moreover, gamified and persuasive applications have been suggested as such a hybrid class
of systems that need to integrate utilitarian and hedonic qualities (Novak et al., 2018).
2.1.2

Persuasive systems

Persuasive Systems are interactive systems designed for stimulating attitude and or behaviour change (Fogg,
1998). These type of systems are also known as Behavioural Change Support Systems (BCSS), which are
defined as systems that use psychological outcomes to form, alter or reinforce behaviour “not using coercion
or deception” (Oinas-Kukkonen, 2013).
Fogg (2009) postulated that a persuasive system to be effective, a person must have motivation, ability, and
an effective trigger. It is more likely to induce a change in behaviour with increased motivation and ability. A
trigger is needed to start out behavioural change, for which the three following conditions must be met
simultaneously: must get noticed by the users; must be associated to the target behaviour; and, must be at
a moment when both the motivation and the ability is high.
Triggers are subdivided into three types: Spark, Facilitator and Signal. Spark is when a person lacks motivation
to perform a behaviour, a trigger should be designed together with a motivational element (Fogg, 2009). For
users that are highly motivated but lack ability it is more appropriate a Facilitator trigger (Fogg, 2009). A
trigger Signal is used when people have both the ability and the motivation to perform behaviour, for them
the signal serves as a reminder to pursue the target behaviour (Fogg, 2009).
Fogg’s model (Fogg, 2009) is shown in Figure 1, where it can be seen that low scores on ability (x-axis) and/or
motivation (y-axis) are unlikely to induce behavioural change, while the trigger factor can be placed inside
the plane defined by the motivation and ability curve (Albertarelli et al., 2018).

Figure 1: The Fogg Behaviour Model (Fogg, 2009)
This model, although widely referred to, is not grounded in any specific psychological theory about
behavioural change and it doesn’t address other non-motivational factors that impact behaviour. These can
be, for example, beliefs, underlying attitudes, personal, or social norms (Albertarelli et al., 2018).
The Persuasive Systems Design (PSD) model (Oinas-Kukkonen & Harjumaa, 2018; Oinas-Kukkonen, 2013)
addresses the conceptual design of a behavioural change system in three procedural steps. First, it considers
a set of seven design postulates, then it requires an analysis of the persuasion context, finally it models the
features of the persuasive software. The objective of the PSD is to help operationalize the design of a
persuasion system, providing a complete and robust architecture that provides all the necessary elements to
develop a system (see Figure 2).
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Figure 2: Persuasive System Design model (Oinas-Kukkonen, 2013)
The validity of the design principles of the PSD to be applicable to all persuasive system has not been validated
as there is no evidence of empirical testing to support such claim. In order to make the principles actionable,
they would need to be tailored to different settings of behavioural change (Albertarelli et al., 2018).
From the Fogg model (Fogg, 2009) and the PSD model (Oinas-Kukkonen et al., 2013) two contrasting
requirements for persuasive systems can be derived. On the one hand, Oinas-Kukkonen (2013) argues that
interference with the primary task of the user should be avoided, while on the other hand Fogg (2009) argues
that a trigger is needed for behavioural change to happen. In such cases, triggering the attention of the users
is a precondition for success.
As discussed earlier, it might be difficult to stimulate users to engage more actively into learning and acting
about on water-related environmental topics. To this end, incorporating gamification elements into the
platform could provide one kind of the persuasion trigger needed to motivate and engage users. By gamifying
the application, the user is not interrupted by the trigger, but rather the trigger becomes part of application,
which allows us to follow the ontologies of the Fogg and PSD models.

2.2 Gamification
A gamified application is a utilitarian application extended with game-design elements: “the use of game
design elements in non-game contexts” (Deterding, Dixon, Khaled, & Nacke, 2011). Though related concepts
of “serious games” and “games with a purpose” share some characteristics with gamification - and are
sometimes used interchangeably with it - they are fundamentally different. Serious games are complete
games in their own right, that integrate a specific purpose in their design, such as training or education on a
specific topic. In contrast, gamified applications are designed as enhancements of existing systems or
applications, that incorporate game-based mechanisms, but can also be used without regarding them (Groh,
2012).
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Typical goals of gamification include: increasing the motivation and engagement of users in using the
application; or, enhancing their experience and satisfaction with the application; or, increasing users’
participation in interacting and/or sharing information or knowledge with other users; or, raising productivity
(Hamari, Koivisto, & Sarsa, 2014). Typical examples of extending functionalities of an application with
gamified elements include: rewarding specific actions in using the application with point-based systems (e.g.
posting a comment, registering for a newsletter). It could also include symbolic achievements awarded upon
reaching a certain point score (e.g. badges). Also, it can comprise providing progress feedback indicators that
allow one to measure personal performance in using the system (e.g. qualification level in learning a skill).
Last, or to compare oneself with others (e.g. position on a ranked list of users by performance, the so-called
leaderboard).
Gamification brings into productive applications patterns and particular design elements from games. These
can provide a better experience to the user trying to complete the task by tapping into tacit motivations
driving the users’ behaviour and their motivation to use the given system. Even if the gamification brings
some game-like elements, within the context of gamification, the application does not have to be playful or
fun (Landers, Auer, Collmus, & Armstrong, 2018). For example, a gamified application can be system to
encourage people to save energy, where users can track their monthly consumption or learn how to save
energy. The actions that the users pursue in the system can be associated with a reward, such as when the
users achieve a certain number of points. Sometimes, a badge can be provided as means of recognising what
has been achieved. Table 1 are lists some exemplary gamified applications specifying their non-gamified
goals.
A central concept in gamifying an application, is the definition of an overarching objective whose pursuit by
the user is to be supported by a rule-based system. The system determines the type and quantity of actions
that a user has to perform in order to reach that objective – as well as specific rewards and incentives that
are associated to completion of specific actions or user’s progression towards the gamified objective. This
basic mechanism follows the well-known structural understanding of a game as a “...rule-based system with
a variable and quantifiable outcome, where different outcomes are assigned different values, the player
exerts effort in order to influence the outcome, the player feels emotionally attached to the outcome, and the
consequences of the activity are negotiable.”(Juul, 2005). Accordingly, a game has an objective (Koster, 2004)
that the player pursues following the rules and exerting effort. Gamifying an application requires designing a
model that implements this basic logic in a way that is appropriate for the application context and associates
suitable motivational incentives (symbolic, virtual, social or tangible) that accompany users’ interaction and
progression towards the gamified objective.
In order to describe how this theoretical concept can be implemented into a tangible reality, experienced by
users, the Mechanics, Dynamics and Aesthetics (MDA) model (Hunicke, LeBlanc, & Zubek, 2004) bridges the
design objectives with the users desires. The mechanics describe the components of the gamified logic and
rules. The dynamics describes the behaviour of the gamified mechanics as responses to the user actions. And,
the emotional responses evoked in the user are the aesthetics. For the designer, the gamified application is
built from the mechanics upwards; while for the user the gamified application builds from the aesthetics
downwards. Accordingly, the dynamics of the gamified application are a crucial element as they provide the
bridge between the aesthetics (i.e. the user experience) and the mechanics (i.e. the underlying gamification
logic defining the actions and paths for reaching the gamified objective).
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Table 1: Examples of Gamified Applications in different sectors
Application

Goal

Reference

Zamzee

To promote physical activities among children

https://www.zamzee.com

Innov8

To promote the use of BPM and SOA to solve traffic and
supply chain problems

http://www01.ibm.com/software/solutions/soa/inn
ov8/index.html

OPower

To encourage people to save energy

https://www.oracle.com/corporate/acq
uisitions/opower/index.html

RecycleBank

To help reduce waste and adopt green behaviours

https://www.recyclebank.com/

LiveOps

To motivate call centers operators

http://www.liveops.com/

Mulino Bianco,
Barilla

To increase the participation in marketing campaigns
and the acquisition of suggestions and new content
from users

http://www.mulinobianco.it/i-talentidel-mulino

WebRatio
Community

To encourage users to submit software components to
a repository and test/rate existing one, and actively
participate on the forums.

http://www.webratio.com/community/
getting-started

Samsung
Website
(Samsung
Nation)

To encourage user to post product reviews, and
participate in user Q&A discussions,

http://www.samsung.com/us/welcome_
BV.html

Fitbit

To help users to improve in the fitness activities and
goals

https://www.fitbit.com/app

Khan academy

To improve user skills in topics related with math,
physics, chemistry, etc.

https://www.khanacademy.org

enCOMPASS

To help users to change behaviour towards energy
consumption.

http://www.encompass-project.eu/

2.2.1

Gamification and user types

Different users have different motivations to engage with games and gamified applications (Novak et al.,
2018). A well-designed gamified application thus needs to provide the right motivation for different types of
users. One of the first, widely referenced studies on this topic was proposed by Bartle (1996), in which users
as players of online adventure games (Multi User Dungeons - MUDs) are categorized into four roles:
Achievers, Explorers, Socializers and Killers.



Achievers are users interested in gaining points, levels, items or something related to the game that
can show their success in the game; they are competitive and look forward to overcoming difficult
challenges, either set by the game or by themselves;
Explorers are users interested in exploring the game-world and all the details of the game mechanics.
They can end-up knowing all short-cuts, tricks, “Easter eggs” and glitches the could be in the game
even better than the game creators;
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Socializers are users interested in building relations with other players rather than playing the game.
They are often involved in managing guilds and other community related topics of the game;
 Killers are users that want to take the game possibilities to the limit to provoke and cause conflict,
imposing them in other players.
Lazzaro (2005) takes a wider perspective on understanding user types and game environments and identifies
four key factors:



Hard Fun: Solving puzzles and identifying patterns, it is about challenging the user.
Easy Fun: it is about sustaining the players’ attention by providing the opportunity to explore and
discovering new things.
 Altered States: it is about the players feeling in a different world.
 The people factor: it is about the social aspect of a game: competition and cooperation.
While these user type models focused on users in games, the recently developed and empirically validated
Hexad user typology focuses specifically on gamified applications (Marczewski, 2015). The Hexad model tries
to match user personality to different gamification elements in order to provide a personalized experience
to users. In particular, they investigate the main motivational traits for the different types of users. The user
typology is validated empirically providing an insight on to how a user can be classified according that they
are looking for when interacting with gamified applications (Tondello et al., 2016). The proposed six user
types are: Socializers; Free Spirits; Achievers; Philanthropists; Players; and Disruptors. Understanding these
user types and their main motivational drivers is key to choosing suitable design elements for gamified
applications that aim at addressing specific types of users. In fact, this is the most thorough and current study
that has provided one of central foundations for designing the POWER gamification model in a way that
allows it to systematically cover different motivational drivers of different types of users, in order to avoid
bias (e.g. due to gender-specific responses). Accordingly, this specific model is discussed in more detail in
section 2.2.2.
Moreover, Orji et al. (2017) show that gamification can help behaviour change by introducing persuasion
strategies that are in line with personality traits (Orji, 2014). Their study was performed on a genderbalanced sample (600 participants, 50% males, 48% female, 2% other), which additionally supports the
importance of consciously considering the choice of different gamified elements for addressing different user
types in gamified applications. They investigated how different personality types respond to different
persuasive strategies that are used in gamified systems. Their results show that specific persuasive strategies
are more suitable to address specific personality traits than others, and that this should be considered in the
design of effective gamified systems. (Table 3). While the persuasive strategies investigated in this study are
widely used, the chosen personality model for distinguishing user types is not that well suited for informing
actual design decisions. Accordingly, as a theoretical basis for informing the design of the POWER
gamification model we considered the persuasive strategies depicted in Table 2. However, for the user type
model we adhered to the Hexad framework, as a more suitable one for informing actual design decisions
(see next section).
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Table 3: Persuasive strategies used in gamified systems investigated in Orji et al. (2017)1
Persuasive Strategy

Description

Personalization

Offers system-tailored contents and services to Extraversion, Conscientiousness,
users, tailoring content and functionality to a Openness, Agreeable
particular users’ characteristics.

Cooperation

Requires users to cooperate (work together) to Extraversion,
achieve a shared objective and rewards them Agreeable
for achieving their goals collectively

Simulation

Provides the means for a user to observe the Extraversion, Conscientiousness,
cause-and-effect linkage of their behaviour.
Agreeable

Self-Monitoring and
Feedback

Allow people to track the own behaviours,
providing information on both past and
current states.

Extraversion, Conscientiousness,
Openness, Agreeable

Comparison

Provide a means for the user to view and
compare their performance with the
performance of other users.

Extraversion, Openness,
Agreeable

Punishment

Penalize the user for not performing the
desired behaviour or reaching the goal.

Extraversion, Openness,
Agreeable

Goal Setting and
Suggestion

Requires users to set a clear behaviour goal
and recommend certain actions.

Extraversion, Conscientiousness

Competition

Allow users to compete with each other to
perform the desired behaviour.

Extraversion, Openness,
Agreeable

Reward

Offers virtual rewards to users for performing
behaviour.

Extraversion, Openness,
Agreeable

2.2.2

Matching personality traits

Openness,

Gamification design elements and user types

By bringing gamification design elements into non-game applications, it allows to tap into different
motivational mechanisms for different types of according to their main motivational drivers (Orji et al., 2017;
Tondello et al., 2016). This is important because it allows us to consciously consider different types of
motivational drivers (tacit motivations) as most salient characteristics of different types of users that
determine their responses to the gamification design. By choosing gamification design elements that address
a variety of different motivational drivers, we can thus overcome common preconceptions or design biases

1

The original study includes also results for the neuroticism personality trait, since that is relevant in gamified health
applications, for example. We excluded this personality trait in this analysis, because it is not relevant in our case.
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(e.g. gender bias). These biases may occur if the design elements focus on just one or few motivational types
(e.g. competition).
The Hexad model (Tondello et al., 2016) proposed a gamification user typology model that can support this
design approach. Its objective is to relate the user personality type to gamification elements that resonate
best with underlying (tacit) motivations of a given user type. This knowledge can then be used in order to
provide a design that optimizes the motivational effect on a wide range (or selected group) of user types and
improve their engagement with the application. The model was formulated based on human motivation,
player types, and hands-on design experience (Albertarelli et al., 2018).
The typology provides a classification of users of gamified systems that consists in six user types:
 Socializers: motivated by interaction and social connections.
 Free Spirits: motivated by creation, autonomy and exploration.
 Achievers: motivated by the search for challenges, self-improvement and skill mastery.
 Philanthropists: motivated by the search for purpose and meaning in the activities, helping.
 Players: motivated by seeking to collected rewards and to compete.
 Disruptors: motivated by change; they aim at disrupting the system in positive or negative ways.

Figure 3: Hexad User Types Hexad framework (Tondello et al., 2016)
These user types give a higher level of granularity and precision to the tacit motivations of a user interacting
with a gamified application than the general personality types considered in Orji et al. (2017) . Incidentally,
in the empirical validation, the personality traits from Orji et al. (2017) were found to even correlate to the
Hexad user typology (Tondello et al., 2016).
By considering the Hexad user types, it is thus possible to identify design elements that will resonate with
users of different types and thus provide most suitable motivational mechanisms to engage them with the
gamified application and its underlying objective To inform such decisions, the Hexad model also provides
insights into the correlations between a large set of typical gamification design elements and the Hexad user
types, discovered in a series of empirical studies (Table 4).
It is important to point out that the focus on user types based in personality traits and motivational drivers
allows the design to focus on the determinant user characteristics that will influence their behaviour and
responses to the gamification design, independently of gender, location or age. This was an important design
goal since the underlying applications are to be used in different communities, by different target groups,
with the long term goal of being able to replicate the model in other platforms with goals similar to those of
the POWER project.
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Table 4: Gamification user types and related gamification design elements
(based on Marczewski (2015) * and Tondello et al. (2016) #)
User type

Gamification design elements

Philanthropist

Collection and Trading*
Gifting*
Knowledge Sharing*
Administrative Roles*

Socializer

Guilds or Teams*,#
Social Networks*,#
Social Comparison*,#
Social Competition*,#
Social Discovery*,#

Free Spirit

Exploratory Tasks*,#
Nonlinear Gameplay*,#
Easter Eggs*,#
Unlockable Content*,#
Creativity Tools*,#
Customization*,#
Challenges#
Anonymity#
Anarchic Gameplay#

Achiever

Challenges*,#
Certificates*,#
Learning*,#
Quests*,#
Levels or Progression*,#
Epic Challenges*
Anonymity#
Badges or Achievements#

Disruptor

Innovation Platforms*,#
Voting Mechanisms*,#
Development Tools*,#
Anonymity*
Anarchic Gameplay*,#
Creativity Tools#
Social Competition#
Challenges#

Player

Points*,#
Rewards or Prizes*,#
Leaderboards*,#
Badges or Achievements*,#
Virtual Economy*,#
Lotteries or Chance*
Levels or Progression#
Collection and Trading#
Social Comparison#
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Social Competition#
Social Discovery#
Anonymity#
Challenges#
Certificates#
Quests#

2.3 Examples of gamified applications for water-related issues
As discussed in the survey of existing DSP platforms presented in the POWER project deliverable D4.1, none
of the existing DSPs have so-far incorporated gamification in their design (Elelman, Espi, & Antolin, 2017).
However, the use of gamification for furthering awareness and understanding of environmental issues has
been investigated in different approaches aimed at stimulating behaviour change of users with respect to
their use of natural resources. This is especially the case for energy saving, where most efforts have
concentrated so far, and to a smaller extent for stimulating water saving (see Albertarelli et al. (2018) and
Castelletti et al. (2017)).
Although a full overview is out of scope of this report, in this section, a brief overview of selected applications
focusing specifically on water issues is presented, in order to exemplify typical existing approaches (for a
more detailed overview in this area, see Castelletti et al. (2017)). In contrast to the POWER DSP, the existing
gamified applications addressing water issues tend to either focus on the individual consumer perspective
(e.g. stimulating individual water-saving behaviour), or on improving urban water management (e.g.
increasing water efficiency, better balancing water demand and supply).
Similarly, only a few approaches are explicitly theoretically grounded with respect to employed motivational
mechanisms and gamification design for persuasion (e.g. the SmartH2O project, Novak et al. (2018)) and only
a few have empirically validated their approach so far (see Castelletti et al. (2017) and Novak et al. (2018)).
Accordingly, due to scarce availability of evaluation data, little can be said so far about the effectiveness of
existing strategies. Published findings from the SmartH2O project and a few similar approaches with a strong
focus on gamified feedback of measured water consumption provide encouraging results in terms of effects
on water saving (see Novak et al. (2018)). However, these approaches have been performed within limited
pilots, were focused on water saving, have targeted behaviour change in individual consumption and did not
explicitly consider a variety of different water environmental issues (e.g. flooding) or their social and political
dimensions (e.g. changes in collective awareness and preparedness), that are inherent to the POWER project.
Moreover, none of the water-related approaches reviewed (Albertarelli et al., 2018; Castelletti et al., 2017)
have so far explicitly considered theoretically-founded and empirically validated user type models and their
relationships to specific gamification elements and persuasive strategies as a basis informing their design.
Accordingly, the approach pursued in the gamification of the POWER platform provides a signification
contribution to the state-of-the art in this area, both in the type of the gamified platform (DSP for water
issues), in the theoretically-grounded gamification design (Section 3), as well as in the empirical evaluation
of its validity (Section 4).
As can be derived from Albertarelli et al. (2018) and Castelletti et al. (2017) in the water domain, existing
approaches have pre-dominantly investigated the use of games rather than gamified applications in the
water domain. Although such full-fledged games are designed and operate significantly different from
gamified applications, there are some border cases, which are given as illustrative examples in the overview
below.
2.3.1

Urban Water project

The Urban Water project (http://urbanwater-ict.eu) developed and tested an “intelligent water management
platform for the efficient and integrated management of water resources in urban areas” (“Document of
Work (DOW),” 2015). The platform provides tools to manage data coming from smart meters, and to forecast
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water demand and water supply availability, detect leakages in network, support decision-making of the
corresponding authorities and distributors, and empower customers to reduce consumption. Besides basic
metering, consumption and forecasting functionalities, the portal features a serious game, Water Mansion
(Nielsen et al., 2015), to raise consumers’ awareness about efficient water consumption and its relationship
with economic savings. In the game, by performing everyday actions such as washing their hands or doing
the dishes to increase the water consumption and reduces resources (“gold”) that the user owns in the game.
The users learn how to save their resources by reducing consumption. In case the user reduces the
consumption in comparison with given previous periods, then the user is rewarded within the game with
“green drops” (See Figure 4).

Figure 4: Water Mansion, on the top left: the green drop and gold scores; on the center: the action tags
(Nielsen et al., 2015)

2.3.2

SmarthH20

The SmartH2O project (http://www.smarth2o-fp7.eu/) aimed at creating a communication channel and a
continuous feedback-loop between water users and utility companies, by providing to consumers near realtime consumption information, and, at the same time, water utilities can plan and implement strategies to
improve water consumption by reducing or reallocate water resources (Rizzoli et al., 2014). Rather than
relying on smart metered consumption feedback alone SmartH2O was deployed as a gamified application to
incentivize users to save water (see Novak et al. (2018)). To achieve long term behavioural change, the
project incorporates a mix of several strategies. Based on the actions of the consumers and on the metered
consumption data, consumers are encouraged to save water through a mechanism that assigns points,
badges and prizes based on their interaction with the application (e.g. reading water saving tips, giving
feedback on household profile) and on the measured effects of their real-world behaviour (achieved amount
of monthly reduction in water consumption). Gamification elements such as goal-setting, visual consumption
feedback with alerts, achievement badges, leaderboards and weekly/monthly competitions for best
performers, provide a range of different motivational mechanisms for engaging users. The gamified
application was accompanied by a hybrid card and digital game for children (Drop!TheQuestion) that
combined a “push your luck” car game model with a digital quiz app, to stimulate water saving (Fraternali
et al., 2016). The evaluation results demonstrated that the developed gamification design was successful in
effectively stimulating different types of users, leading to observed average water savings between 10% and
20% in the two real-world pilots (Melenhorst et al., 2017; Novak et al., 2018). A screenshot of the project is
shown in Figure 5.
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Figure 5: SmartH2O Consumer Portal showing an overview of the consumption progress (Novak et al.,
2018)
2.3.3

Waternomics

Waternomics (http://waternomics.eu) had the goal to provide personalized and actionable information
about water consumption and water availability to individual households, companies and cities in an intuitive
and effective manner and at a time-scale relevant for decision making (E. Clifford et al., 2014). The platform
has a leaderboard that shows the highest scores achieved by users in the different games provided in the
platform. The platform has two trivia-like games: one is “Water Flavours”, for which users have to guess the
necessary water to produce certain products; when the guess is correct, then the player receives points. The
objective of the game is to educate the player about the importance of water usage in food production. The
other game is called “Water saving calculator”, and has the objective of raising awareness of the amount
of water players consume and how by changing behaviour they can achieve savings. This is done by first
educating users with a collection of tips, and then testing the user with questions based on them. Players get
points for the correct answers, and in case the answer wrongly they receive extra information (see Figure 6).

Figure 6: Water Savings Calculator (Kouroupetroglou et al., 2016)

Page 19 of 133

D3.3 Report on the Gamification Model
30.11.2018

2.3.4

POWER
687809

Aqua Republica and SIM4NEXUS project

Aqua Republica is an online serious game developed by DHI and UNEP-DHI to promote learning, sharing
knowledge, awareness and capacity building in sustainable water resources management (Chew, Lloyd, &
Knudsen, 2013). It aims to achieve this through “serious gaming, where participants can experience making
decisions in managing a catchment in an interactive and engaging way, and in doing so learn about the
connectivity and importance of water resources, as well as the need for careful management”(AquaRepublica, 2018). The game provides a fictitious environment that models real-world challenges of managing
a limited supply of water resources within growing demand of multiple users. It models a situation of relative
water scarcity and challenges players to manage it. The game can be played as a single user or in a group of
players. Within the game the players plan and develop a river basin with multiple stakeholders, some
business and industry, a few farms and a small power station. The players’ goal is to create „prosperous
living conditions for the population in a healthy and sustainably managed environment“ (Aqua-Republica,
2018). The results of players actions (e.g. agricultural or urban development, land repurposing, industry build
up etc.). are simulated based on the underlying simulation model that includes changes in the environmental
conditions, such as population growth, climate change and effects of actions of other players. As such, the
game is an example of a simulation-based game that lends itself to exploring and learning about potential
effects of different actions and policies on the environment, i.e. water resources specifically, as shown in
Figure 7.

Figure 7: Snapshot from the Aqua Republic game interface (Source: http://aquarepublica.com/media/)
In the European project SIM4NEXUS (https://www.sim4nexus.eu), the Aqua Republica game is being applied
and extended to more fully cover the interactions in the Water-Energy-Food nexus and to support multistakeholder analysis and cooperation in “better understanding and visualising effects of different policies at
various geo-/spatial scales and from a holistic point of view“ (SIM4NEXUS, 2018). According to the available
information on the project website, this development is still ongoing and no evaluation results are available
yet, except for an intermediate account of stakeholder involvement with an early proof-of-concept for a
specific regional case study in Sardinia (Sušnik et al., 2018).
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The POWER gamification model

This section describes the gamification model developed for the POWER DSP based on the considerations
discussed in the previous section.
The purpose of the POWER gamification model is to increase user interaction with the POWER DSP in order
to increase their awareness, knowledge and engagement with water-related issues dealt with within POWER.
Thereby, each of the KDCs have different water-related challenges that provide the core reason for the users
to visit and interact with the local DSPs. The gamification model thus has to be designed in a way that allows
it to address different topics of different KDCs, while supporting the overall underlying approach of the
POWER DSP. To achieve this, the design of the model takes special care of encompassing different types of
interaction and addressing different types of users with respect to their main motivational traits, in order to
effectively reinforce the process of awareness raising and knowledge sharing of water-related issues in the
different POWER water communities.
To this end, the developed model combines the visualization of users’ knowledge acquisition inferred from
their interaction with and contribution of content to the POWER DSP with gamified incentives relating this
to different types of achievements and rewards. The model also supports multiple perspectives by providing
visualizations that allow users to perceive their progress and impact of their actions from both their individual
and community perspectives. Moreover, the developed model is multi-perspective also in that it addresses
different types of users by accommodating different types of motivational mechanisms from literature. The
different motivational types inform the model design in the choice of a suitable set of gamification elements
that cover a wide variety of motivations - and are suitable for the task at hand. Addressing different
motivational types allows us to avoid biases (e.g. gender bias) that could otherwise be caused if relying on
just one specific type of incentives (e.g. competition vs. collaboration). In doing so, we also apply the concept
of multi-perceptivity in the model design by choosing and implementing gamification elements in a way that
allows individual gamification elements to integrate and address several different types of motivations.
The proposed model was developed using an iterative, user-centred design approach. This means that the
model evolved over time according to user feedback, needs and requirements as well as the influence of
current developments of the state-of-the-art of gamification. The initial model, that was provided in the first
periodic report and included in the deliverables D2.1 and D2.3, has been further developed and improved to
better address the needs of different (motivational) types of users. Here, we present the final resulting
gamification model that was empirically validated through a series of online experiments (over 500
participants) and implemented in the POWER DSP.

3.1

Gamified objectives and knowledge dimensions

The core objective of the POWER DSP is to help persons and the community as a whole to gain knowledge
and raise awareness of water-related issues affecting their community. As discussed in the introduction of
Section 2, it is a difficult challenge to motivate users to learn about and get engaged with issues that may not
seem immediate or tangible in the short term. Citizens tend to have a low awareness of water issues, such
as flooding or water scarcity: such issues are typically not considered as a problem until they directly affect
the livelihood of local communities. They tend to occur only sporadically. This makes it difficult to appeal to
citizens’ awareness and the need to prepare, when there is no imminent danger or when the memory of the
last events has long faded away. In general, the consequences of environmental issues or protection actions
are not immediately visible as it might take a long time to have a visible effect on the environment, or the
consequences might be out of sight for the citizens. For example, while flooding may occur more frequently
on a smaller scale, extreme floods are often relatively rare – even though in many areas their likeliness is
greatly increasing, due to climate change and urban developments in flood prone areas. As a consequence,
additional incentives and persuasion are needed to engage citizens in becoming aware of and getting
interested in learning about such issues, or getting prepared for their possible occurrence in the future.
It has been shown that gamified applications can help users change their behaviour to be conscious of
environmental issues (Johnson, Horton, Mulcahy, & Foth, 2017). The basic principle of the application of
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gamification to such issues is to relate the intangible or long-term effects of a given issue, to more immediate
(short-term) tangible objectives that users can reach through interacting with the application. In this sense,
as the starting point for the POWER gamification model, a gamified objective for the POWER DSP is defined
as the achievement of a good preparedness of the given local POWER water community to deal with their
specific water issue. Accordingly, for each POWER KDC, based on their goals in the POWER project, a core
gamified objective has been selected and defined (see Table 5 for the list of objectives of the POWER KDCs).
The defined gamified objective for each of the KDCs relates to both the individual users and their community.
Specifically, by participating in the local POWER water community and interacting with its POWER DSP the
objective for the users is to become prepared for the given water issue themselves and help their community
in reaching the community objective.
Table 5: Gamified objectives for the POWER DSPs in the respective key-demonstration cities
POWER Key demonstration city

Gamified objective

Leicester

become prepared for flooding and help Leicester
community feel safer

Milton Keynes

become prepared to save water and to help Milton
Keynes consume less water

Sabadell

become better prepared to reuse water and help
Sabadell increase the use of non-potable water

Jerusalem

become prepared to conserve water and help
Jerusalem use water efficiently

As the next fundamental pillar of the gamification model, the different types of interaction and engagement
of the users with and through the POWER DSP have been analysed and structured with respect to how they
contribute to the achievement of the gamified objective. In doing so, three main dimensions to which users
actions and interaction through the POWER DSP contribute to and reflect their individual progress in reaching
the personal gamified objective of Personal Preparedness have been identified as follows: Problem
Awareness, Know-How, and Readiness to Act. The problem awareness dimension reflects actions that
contribute to raising the awareness and knowledge about the problem (e.g. learning about flood risk in
Leicester, or about the need to save water in Milton Keynes). The know-how dimension reflects actions that
contribute to learning about what the users can do to contribute to better dealing with a given water issue
(e.g. to help prevent flooding). The readiness to act dimension reflects actions that contribute to increasing
the readiness of users to act upon a specific water issue (e.g. filling out a check-list to verify their preparedness
to act on protecting themselves and their family in the case of flooding). By relating user interaction with the
POWER DSP to these dimensions, we can bring an otherwise abstract water issue, that is not perceived in
everyday life, in relation to more tangible, immediate actions (e.g. by showing their progression along the
different dimensions). The basic underlying assumption and mechanics is that the more specific actions are
performed, the higher their contribution to the different dimensions and to the personal preparedness of a
given user.
Another central pillar of effective gamification approaches to such issues is to provide some form of feedback
about the potential relation of user actions in the gamified application (POWER DSP) to their real-world
impact with respect to the defined gamified objective. In our case, following the overarching objectives of
the POWER project, the impact perspective has been broken-down into the following three dimensions:
Individual, Social, and Political. The individual impact dimension corresponds to the impact of the user’s
actions on the overall personal preparedness. The social impact dimension reflects the individual’s
contribution to improving awareness, spreading of know-how or readiness to act upon a given water issue
within one’s social community (e.g. by sharing information from the POWER DSP with others). Similarly, the
political impact dimension reflects the extent of contribution of a given action to raising political
preparedness of the community with respect to the individual knowledge dimensions (e.g. taking part in a
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local assembly with the policy maker or proposing a solution idea on how to improve flood management in
Leicester to the local council).
Accordingly, through interaction with the POWER DSP the user is able to contribute to the gamified objective
i.e. to increasing the personal and community preparedness across nine different categories as shown in
Figure 8. Thereby, depending on the nature of a given action (e.g. reading a post on the problem of local
water scarcity and the need to save water, reading a water saving tip) the user is contributing to increasing
the personal and/or community preparedness, to a different extent in the different dimensions.
Preparedness/Impact

Individual

Social

Political

Total
Σ(𝑃𝑟𝑜𝑏𝑙𝑒𝑚 𝐴𝑤𝑎𝑟𝑒𝑛𝑒𝑠𝑠)

Problem Awareness

Σ(𝐾𝑛𝑜𝑤 𝐻𝑜𝑤)

Know How

Σ(𝑅𝑒𝑎𝑑𝑦 𝑡𝑜 𝐴𝑐𝑡)

Ready to Act
Total

Σ(𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 𝐼𝑚𝑝𝑎𝑐𝑡)

Σ(𝑆𝑜𝑐𝑖𝑎𝑙 𝐼𝑚𝑝𝑎𝑐𝑡) Σ(𝑃𝑜𝑙𝑖𝑡𝑖𝑐𝑎𝑙 𝐼𝑚𝑝𝑎𝑐𝑡)

Σ(𝑇𝑜𝑡𝑎𝑙)

Figure 8: Points accrued for each action are divided among the nine categories shown on the matrix; the
summations across columns or rows provide the scores for knowledge representing different levels of
preparedness or impact
As the final basic element of the gamification model a points mechanics is defined that uses points to reflect
the extent to which a given action contributes to increasing preparedness (progressing towards reaching the
gamified objective) on a given dimension. The basic principles of this mechanics have already been described
in project deliverables D2.3 and D2.4. In this section, we reiterate it as the basis that is required to fully
describe and understand the fully developed gamification model. As illustrated above, by performing
different actions, users then gain points in the different dimensions, based on the extent to which a given
action is effectively considered to contribute to a given dimension. Table 6 lists the types of gamified actions
for which points are awarded in the different dimensions. This distribution of points is individually tuned for
each DSP in collaboration with the representatives of the KDC, in order to reflect the specificity of a given
water issue and the understanding of the local stakeholders (for an example breakdown of points of a given
action to different dimensions see Appendix 8.1).
Table 6: Gamified action types on the POWER DSP
Action
Confirm Read a section of an issue
Comment on an article
(Tip) Respond to the comment of an article
Share the issue on social media
Click on a Link
Like or dislike a comment or tip
Willingness to attend an event
Follow an issue
Take a Survey
Download a document
Log in
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Based on the point scheme presented in Appendix 8.1, it is possible to calculate score for each of the nine
categories, as shown in Figure 8. The scores in each category show how well the users are reaching the core
objectives of a given POWER DSP. Every action that is performed on the DSP helps users progress towards
the achievement of the gamified objectives, i.e., increasing their personal and community preparedness with
respect to a given water issue. The gamified actions have a two-fold purpose. First, to allow the users to learn
and share their learning on the topic at hand. Second, to provide motivational drivers that would reinforce
their interaction with the DSP. All actions defined in Table 6 provide points in one or several of the categories
presented in Figure 8, except for Log-In, which does not provide points, but is (technically) required for the
users to track their progress and participate in the gamified application.
As the accrued points for each category grow, this information can be used to implement different gamified
elements and visualizations that support the user in understanding how their performed actions contribute
towards the achievement of the defined overall gamified objectives (personal and community preparedness).
Moreover, as we will see in later sections, visualizing this information in different ways and from different
perspectives, can support both individual users and other stakeholders to gain insight into how the
achievement of the individual and community preparedness objectives is proceeding. In fact, this basic multiperspective concept on mapping and visualizing knowledge across different dimensions, is related to the City
Blueprint® Approach (European Comission, 2018; S Koop et al., 2017) that has been successfully applied to
monitoring and visualizing city preparedness in terms of water governance issues and capabilities (that is
described in more detail in the forthcoming deliverable D4.8). We apply the elements of the underlying multiperspective knowledge visualization model to our application case. Specifically, it allows us to map the
various types of knowledge that can be inferred from user (inter)actions with the POWER DSP to the different
categories reflecting personal and community preparedness (defined in Figure 8).
The actions that the user can perform within the platform are also connected to different gamification design
elements, which aim at providing additional motivational incentives that stimulate the users to further
interaction. To reach the community objective, the more users participate in the POWER DSP, the better. The
higher the level of achievement of the personal objective - i.e. of their personal preparedness - the higher
the achieved community preparedness. Finally, an important goal of the POWER project itself is to stimulate
a variety of different types of users to engage with the local water issues, as a means of ensuring a high level
of overall preparedness of a community. In order to support this objective, the described main gamification
pillars and mechanics, need to be translated into a gamification design that is able to address and stimulate
a wide range of different types of users to interact with the local POWER DSP. How this is consciously and
systematically addressed with the developed integrated gamification design model is presented in the next
section.
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Integrated gamification design model for the POWER DSP

As discussed in section 2.1.2, in order to encourage users to engage in learning about water issues, persuasive
intervention techniques or strategies can be employed. Researchers have undertaken attempts to identify
models and frameworks that explain the chosen persuasive gamification strategies (Fogg, 2002; OinasKukkonen & Harjumaa, 2018; Orji et al., 2017; Orji, 2014), and others focused on the gamified design
elements that can support these strategies (Marczewski, 2015; Orji, 2014; Tondello et al., 2016; Tondello,
Mora, & Nacke, 2017). However, to our understanding there is no unified gamification model that directly
links the persuasive strategies to the gamified elements and maps them to the appropriate user types. Using
the insights from these studies, we can derive a gamification model that links the gamified strategies that are
appropriate to promote knowledge acquisition in water related issues for different types of users, with
specific gamification design elements. Our gamification design model rests on three main elements, which
we will describe further: 1) the persuasive strategies that establish the basis of our gamification model which
reflect the goals we would like the users to achieve; 2) the gamified elements which can be directly translated
into design decisions for the gamified visualization dashboard; and 3) mapping of the gamified elements to
the different user types to support a diverse spectrum of user motivations.
A starting point for our gamification design model are the ten most commonly employed persuasive
strategies identified by (Orji et al., 2017)2 explained in detail in Table 3. These strategies set the stage for our
gamification model and allow to realize the goals set for the users of the POWER DSP platforms. For example,
one of the main strategies of our gamification model is simulation – the ability for a user to observe the
cause-and-effect of their behaviour on the POWER DSP platform. Specifically, if users read an article about
water saving, they see that their points in the problems awareness and readiness to act increase, thus making
them more prepared to save water. The list of the persuasive strategies has been slightly adjusted to fit the
purposes of our gamification model. Due to specifics of the water community platforms, we do not focus on
competition, but rather on cooperation between users that allows them to reach common goals (such as
community preparedness). Therefore, the only comparison we allow for is to compare own preparedness
with the average of the community. We only focus on customization (rather than personalization) by
providing users several options to adapt the gamification visualization to their needs. Finally, we omit the
punishment strategy because we feel that it might discourage users from engaging in the platform.
Therefore, the final list of seven persuasive strategies that comprise our gamification model are: simulation,
self-monitoring and feedback, rewards, goal setting and suggestion, cooperation, comparison and
customization.
The second component of our gamification model includes the design elements that enable the
implementation of the persuasion strategies we identified. These elements can be directly translated into
design decisions for the gamified visualization dashboard. We derive a preliminary list of possible design
elements from a study by Marczewski (2015) which was empirically verified by Tondello et al. (2017) and
Tondello et al. (2016). In Table 7, we map these design elements to persuasive strategies we identified as
important for our gamification design model as possible example mechanisms by which users can be
motivated to increase their participation in the DSP platforms. For some of the persuasive strategies, for
which we did not find an appropriate mapping, instead of gamification elements we provide examples of
game mechanics (Orji (2014) – a higher-level elements that can also provide insights into possible gamified
elements to be developed. These game design elements represent exemplary mechanisms which can support
the persuasive strategies, and have to be adjusted to fit the context of our gamification model for POWER
DSPs (further reported in Table 8).
Finally, research findings acknowledge that a one size fits all model might not be effective in stimulating many
different users (Böckle et al., 2017). As we discuss in Section 2.2.1, different users are motivated by different
factors (motivational drivers). Therefore, an effective gamification model should consider these differences
and provide gamification elements that can trigger these diverse motivations. As mapping personality
characteristics to the appropriate gamification elements has been recognized as difficult (Tondello et al.,
2017), researchers have been trying to develop models that identify user types for the context of games and
2

This is a consolidates set based on a more extensive list from (Oinas-Kukkonen and Harjumaa, 2008).
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gamified applications. The persuasive strategies we identified in the gamification design model have been
empirically associated with the user types of the BrainHEX model (Orji, 2014). However, we cannot apply this
model to our context directly, as it has been developed specifically for games and the purpose of our DSPs is
to increase awareness and knowledge using the gamified elements. In our opinion, a more appropriate user
type classification which considers a wider variety of application contexts is the Hexad model by Tondello et
al. (2016). The user types of the Hexad model are described in detail in Section 2.2.1, and mapped directly to
the design elements in Table 4. We use this mapping to identify the main user types that can be triggered by
the gamified design elements for our model.
In Table 7 we put the two streams of research together and map the gamification elements not only to the
user types, which they are most likely to motivate, but also to the persuasive strategies that they allow to
achieve. To map the design elements to their corresponding persuasive strategies, we use the goals defined
for each of the persuasive strategies in the literature (Orji et al., 2017) and then identify the design elements
that can help reach these goals. For example, self-monitoring and feedback strategy “allows people to track
their own behaviours, providing information about their past and current states” (Orji et al., 2017). This can
be achieved, for example, through such gamification elements as points and levels of progression to indicate
how well the user is doing. From the table Table 7 we can also see that these gamification elements are most
likely to motivate “players” and “achievers” (Tondello et al., 2016) because these users are motivated by
external rewards and competence, respectively. The mapping of further design elements to the persuasive
strategies follows a similar logic, and is described in more detail in the presentation of our actual gamification
design (in the subsequent sections). Please note that the design elements that we list in this table are not
exhaustive and should be adapted to the contexts of the gamified applications in which they are used.
Table 7: Derivation of the gamification design model: Mapping of the persuasive strategies to design
elements and user types3
Persuasive Strategy
(Orji et al., 2017;
Orji, 2014)

Design elements (Marczewski, 2015;
Orji, 2014; Tondello et al., 2016)

User Types *^ HEXAD
model (Marczewski, 2015;
Tondello et al., 2016)

Simulation

Leaderboards
Achievements
Status
Appointments

Player*^
Achiever*^

Self-monitoring and
feedback

Points

Player*^

Levels or progression

Achiever*^

Level
Repeat simple action
Goal Setting and
Suggestion

Rewards

Challenges

Achiever*^, Free Spirit^

Quests

Achiever*^

Non-linear gameplay

Free Spirit*^

Collection and Trading

Philanthropist *

Gifting

Philanthropist *

Certificates

Achiever*^

Rewards or prizes

Player*^

3

- as opposed to the Hexad model, we refer to the different player types as user types, as the users on the POWER
DSPs do not play, but gain knowledge by using the system. Moreover, in the classification, one user type is called
Player, so that might lead to additional confusion for the reader.
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Badges or Achievements

Player*^, Achiever^

Lotteries or Chance

Player*^

Knowledge sharing

Philanthropist *

Guilds or teams

Socializer*^

Voting mechanisms

Disruptor*^

Viral game mechanics
Customization

Customization

Free Spirit*^

Easter Eggs

Free Spirit*^

Exploratory tasks / Discovery

Free Spirit*^

Epic Meaning
Comparison /
Competition

Social Comparison

Socializer*^

Social competition

Socializer*^

Leaderboards

Player*^

*- based on the correlation coefficients reported by Marczewski (2015), ^- based on the correlation coefficients reported
by Tondello et al. (2017).

In order to formulate the integrated gamification design model for the water community platforms (POWER
DSPs), we need to identify the specific design elements that will enable an effective implementation of the
persuasive strategies we identified in Table 7 and will motivate a wide spectrum of user types identified in
the HEXAD model in Table 4. When deciding which gamified elements to include into the gamification design
model we were guided by the following principles: 1) identify at least one design element that allows to
achieve each persuasive strategy; 2) motivate each user type with at least one design element; 3) make sure
that the design elements we use are easily understandable and useful for the users (in line with the
requirements on user acceptance from the unified theory of technology acceptance, UTAUT). In Table 8 we
present our integrated gamification design model which aims to motivate different user types to gain
awareness and acquire knowledge on water related issues on the POWER DSPs. The model identifies the
design elements for each identified persuasion strategy and discusses their potential to motivate various user
types.
Table 8: Integrated gamification design model for the POWER DSP (design elements marked with * will
be tested in 4.4.4)
Persuasive
Strategy

Design elements adapted to
our context

Simulation

Getting points for actions *

x

Dynamic side bar with a
summary of points in main
categories: awareness, knowhow and readiness to act

x

Self-monitoring
and feedback

User Type
Achieve
r

Monitoring preparedness with x
aggregated progress indicators
*

Philanth
ropist

Socializ
er

Free
Spirit

Player

Disrup
tor

x
x

x

x

x

x

x
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Feedback message after
action

x

Achievement Badges *

x

Relevance Indicator (Feedback
Multiplier)

x

Levels for learning and
increasing awareness *

x

Motivational messages

x

Cooperation

Community perspective and
community goals *

Comparison

Comparison of personal scores
and community scores *

Customization

Toggle personal scores and
toggle levels

x

x

x

x

x
x

x

x

x

x

x
x

x

x

x

x

x
x

x

x

x

x
x

x

x

The first persuasive strategy - simulation – allowing the users to observe the cause-and-effect linkage of their
behaviour (Orji et al., 2017) - is the main strategy which lies at the backbone of the gamification design model.
Increases in knowledge about water issues as a result of using the POWER platform are incremental, and
hard to track for the users on their own. Therefore, for all actions that the user carries out on the platform,
the user receives points – which is a basic gamification element in every gamification dashboard. As is evident
from Table 7, tracking the total points is especially motivating for achievers and players, as achievers are
motivated by progress and points allow them to track their progress, whereas for players points represent a
form of extrinsic rewards. Additionally, the side bar on each page displays the number of total points and
their distribution among the three main areas – awareness, know-how and readiness to act (see Figure 9).
Although users receive points in nine categories (Figure 8), we believe that the three knowledge dimensions
are most motivating across the user types, and therefore we choose to present them on the side bar. Apart
from achievers and players who are motivated by points per se, showing the points increase in the knowledge
categories can be used to increase sense of purpose for the philanthropists, allow to explore the system for
free spirits, and use it as a means of social comparison for the socializers.

Figure 9: Gamification elements displayed in the side bar of each page on POWER DSPs
The second persuasive strategy – self-monitoring and feedback – allowing users “to track their own
behaviours, providing information on both past and current states” (Orji et al., 2017) – is another main
strategy of the gamification model. As we already described, users on the water community platforms can
monitor their progress in three knowledge areas – awareness, know-how and readiness to act, each on the
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individual, social and political levels – resulting in nine categories areas where the points are obtained (Figure
8). In order to reduce complexity, we choose to aggregate this information to six scores, distributed over two
views, namely: 1) based on the knowledge areas (see Figure 10) – problem awareness, know-how and
readiness to act, aggregated over their individual, social and political impact; and 2) based on individual,
social and political impact (see Figure 11), aggregated over their problem-awareness, know-how and ready
to act scores. For the visualization of progress, we choose two different progress indicators (a bar and a radar)
and two different colour schemes specifically so that the users distinguish between these two views. For
example, the users can see at a glance, what is their score in social impact or how ready to act they are,
without considering the sub-levels. We believe that monitoring how their preparedness increases with the
aggregated progress indicators is especially motivating for achievers, as they seek to progress by completing
tasks (Tondello et al., 2016), as well as players as this reflects how they have performed within the system.
Additionally, users are provided with a feedback message after each action that states how many points they
earned and in which categories (see Figure 12). We believe that providing feedback messages and displaying
progress on the side bar is motivating for all users, irrespective of their type.

Figure 10: Progress bar indicators for the three knowledge areas: Problem-Awareness, Know-how and
readiness to act

Figure 11: Progress Bar indicators for the impact types: individual, social political

Figure 12: Feedback message that the user receives once an action has been undertaken
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The third strategy – rewards – offering “virtual rewards to users for performing target behaviour” – is another
important strategy of the gamification model. First, for earning a certain number of points that reflect their
actual level of preparedness, users get achievement badges – Flood Warden Achievement in Leicester (Figure
13) and Water Guardian Achievement in all other KDCs. There are three levels – beginner, intermediate and
advanced – each can be achieved progressively by reaching a certain number of points. In the gamified
visualization, a progress bar indicates how far away the user is from achieving the next badge. This
gamification element is most likely to motivate players as they are looking out for external rewards for
performing certain behaviours (Tondello et al., 2016). Additionally, achievers might be stimulated by the
different levels as they like to tackle difficult challenges.

Figure 13: Flood Warden Achievement Badge as a reward to the Leicester Water Community User
Another reward mechanism in our gamified visualization model is feedback multiplier (now known as
relevance indicator)4. One of the main actions on the water community platforms is feedback in form of liking
and commenting on issues and other’s contributions. Feedback multiplier, as the name suggests, reflects the
value of feedback the user gives to others on the platform. The more the users engage on the platform, and
the higher their score is, the higher is the value of their feedback to others. This is motivated by the fact that
in order to provide constructive feedback on water issues, one has to first gain some experience by learning
and engaging in the platform. Feedback multiplier is coupled with the Achievement Badges and for this
reason it is displayed right below them (Figure 14). At the start, all feedback is not multiplied, but once the
user has earned some points and achieved a beginner level (Flood warden badge), then the feedback is
multiplied with 1.5 (and so on until the feedback is multiplied with 3 when achieving the Advanced level).
Please note that as opposed to a badge, feedback multiplier is not “collected” but is changed to a higher value
once the user has reached that level. This type of reward will most likely be valuable for achievers as feedback
multiplier will directly signal their competence to themselves and to others. Additionally, for players’
feedback multiplier can act as an external reward. At the same time, this element might encourage socializers
to communicate with others on the platform. Finally, disruptors could be interested as it might allow them
to take control over the system and enact change.

Figure 14: Feedback multiplier as a form of relevance indicator on the platform
The fourth strategy – goal setting and suggestion – allows “to set a clear behaviour goal and recommend
certain actions to users” (Orji et al., 2017) and thus is an important part of the gamification model. The
ultimate goal of the POWER DSPs is for the users to gain enough knowledge to become prepared to tackle
4

- feedback multiplier will be not considered in the tests, because it was still under the development at the moment the
tests were run.
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the water issues (as described in Table 5). In the gamification model, in order to become well prepared, the
user has to achieve an equal number of points in each of the nine categories (see Figure 8) – displayed in the
gamified visualization dashboard as the outer circle on the spider chart diagram (Figure 15)5. Reaching this
goal is not an easy task, so the gamified visualization concept includes other cues as to how users are
performing on the way to the goal. First, each of the gamified visualization elements described above
contains several “levels” that can serve as in-between goals to reach, specifically: 1) the small coloured items
in the preparedness and impact sections of the progress bar visualizations (Figure 16); 2) the beginner,
intermediate and advanced levels of the Achievement Badges (Figure 13); and 3) the value of the feedback
multiplier (Figure 14). Once the user has reached the first level, the feeling of accomplishment is attained,
but at the same time a new goal is set to reach the next level. In this way, users stay engaged on the platform
and by doing so gain more and more knowledge, finally becoming prepared for the water issues at hand.
Reaching another level in the gamified elements will most likely motivate achievers, as they are looking out
to increase their competence and like to tackle difficult challenges. At the same time, each new level is
another challenge which can motivate players to stay engaged with the DSP. Second, motivational messages
(Figure 17) which are used throughout the gamified visualization can serve as additional cues helping the
users reach the goal. These messages are motivating for all types of users, however they might be most
relevant for the socializers as they represent some form of communication with the system and players as
they enjoy any kind of external reinforcements.

Figure 15: Explicit goal setting (personal and community)

Figure 16: Visualization of individual impact once the user has reached a second level in the category

Figure 17: Motivational messages used in the gamification model

5

As the content of water community platforms is expected to grow, it might be the case that the users surpass the goal.
For this reason, the goal is represented as 11 concentric circles. For the inner 10 circles, the distance from the centre to
the perimeter of the first circle is equal to the distance from perimeter of circlen to the perimeter of circlep, with 1 ≤
(𝑛, 𝑝) ≤ 10. While the distance from the perimeter of circle10 to circle11 is exponential larger. After the user reaches the
goal, the graph keeps growing but at a smaller rate. The details of the implementation of this visualisation can be
consulted in Section 5.
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The fifth strategy – cooperation “requires users to work together to achieve a shared objective and rewards
them for achieving their shared objective collectively” (Orji et al., 2017) – is especially important for the
gamification concept of the POWER DSPs. Apart from getting prepared personally, one of the goals that the
water community platforms are aiming to achieve – is prepare the whole community for the water issue in
question. Therefore, an important part of the gamification model is community preparedness perspective
and the collective goal of every person to prepare the community for water issues. For this, apart from
personal scores, the users are presented with the average score of the community in a spider chart diagram
(Figure 18). The goal of the community is the same as the personal one – to reach the outer edges of the
circle equally in all categories. As each individual user on the POWER DSP also belongs to the community, by
increasing their personal score, the users also contribute to the increase of the score of the community.
Additionally, in this visualization, relative size of the community is displayed: if the community is small, the
personal score has a higher impact, but the overall reach of this impact is not that high. However, more
individuals have to try hard to reach community goals. Such a task would have a larger overall impact. This
part of the gamification model, is especially important to philanthropists because community preparedness
presents a good purpose (and as we learned in Section Error! Reference source not found. they are m
otivated by purpose). At the same time, socializers might be motivated by community preparedness as it
directly reflects how their actions impact their social environment.

Figure 18: Community scores in the nine categories
The next strategy – comparison – is implemented in our gamification design model through the ability to
compare one’s personal scores to those of the average community members (Figure 19). By toggling the
option “show personal: the user is able to display personal scores in all the nine categories next to the
community scores on the spider chart diagram. For example, if in one of the categories the user’s score is
higher than that of the community, it means that that user is better prepared than an average community
member, but also that that user contributed more to the preparedness of the community than others. The
bar on the bottom right reveals the relative size of the community, so that the users can better estimate the
reach of the preparedness of their community. Although comparison and competition are not the main goals
of the water community platforms, giving the users some indication as to how they are doing compared to
others might be important to some user types. On the one hand, comparison elements are motivating for
socializers who are motivated by relatedness. On the other hand, the ability to compare oneself with others
might spur a feeling of competition and thus be motivating for the players as well.
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Figure 19: Comparison of personal to community scores
The last strategy of customization – providing the users with the ability to adapt the system’s content and
functionality to their needs and choices (Orji et al., 2017) is also present in our gamification framework. It is
a supportive strategy in our framework. We offer customization for several gamified elements. For example,
in the community visualization, one can display personal scores next to the community scores with a specific
toggle button (Figure 20). The possibility of customization is motivating for all player types, but most
importantly for free spirits, to enable them to interact with the platform in the ways they like. However, this
functionality can be motivating for other types too, depending on the context in which they process
information or the stage they are in. For example, the achievers might be willing to see the levels as a matter
of setting the next goal for themselves.

Figure 20: Gamification elements enabling customization on the platform

3.3 The gamified visualization dashboard
The gamified visualization dashboard is a combination of the identified gamification elements in Section 3.2,
structured in four distinct sections, each allowing to achieve one gamified objective. The dashboard allows
to set and monitor the achievement of shorter-term objectives that lead users to reach the main objective increase the individual and community levels of preparedness for a specific water issue. In order to make this
process more transparent, useful and enjoyable for the users, the gamified visualization dashboard was
developed with the consideration of the following principles:
1) support different perspectives that can be useful for a broad range of users;
2) structure the information in such a way that it is easily comprehendible for the users;
3) adhere to the user interface design principles to ensure an easy and enjoyable user experience when
learning about water issues.
First, the POWER DSP platform addresses a broad range of users who are likely to use the platform with their
unique set of goals and motivations. As we discussed in Section 3.2, the main goal of the POWER DSP platform
is not only to engage individual users, but through increasing individual preparedness of many users,
contribute to the preparedness of the whole community. Therefore, the gamified visualization dashboard
allows the users to view their progress from two main perspectives: individual perspective and the
community perspective. The individual perspective is covered by the first three sections: personal
Page 33 of 133

D3.3 Report on the Gamification Model
30.11.2018

POWER
687809

preparedness, personal impact and achievements. The community perspective reflects the progress of the
community, and allows to relate two perspectives to each other (or in other words, compare own
performance to the community’s average). It is conceived not only for use by the individual users, but also
by the cities themselves to evaluate how well prepared the whole community is, and in which areas it should
still be improved. Accordingly, such insights can provide valuable input both for policy makers, as well as for
operational decisions. For example, the community perspective allows the city to decide on what aspect to
focus specific measures for improving the community preparedness (e.g. whether it’s the awareness of the
problem, or the know-how or the readiness to act).
Second, as the actions of users on water community platforms are measured along the nine knowledge and
impact categories (Section 3.1, Figure 8), this results in very versatile information that can be provided as
feedback to the users, each time they carry out a certain action on the platform. Therefore, the information
presented in the gamified visualization dashboard follows a scaffolding approach. This information is not
presented to the user all at once, but is aggregated, structured and visualized in a way that supports easier
processing. Specifically, the visualization dashboard first displays the total number of points the user has
achieved so far, as this is the most aggregate high-level information. Then it presents three different views
on the same information to the users (Figure 21): two aggregate ones and one disaggregate. The first
aggregate view shows how the total points are distributed among the categories: awareness, know-how and
readiness to act. The second view displays how the points are distributed among the individual, social and
political impact. Finally, the disaggregated information displays points in each of the nine categories
separately.
Third, in order to make sure that the experience of the users with the gamified visualization dashboard is
enjoyable, we employ established user interface design principles in the development of the dashboard. For
example, we use similar elements and colours in recurring parts of the visualization dashboard to indicate
similarity between the elements. For example, in the community preparedness visualization where we
present all nine dimensions of user’s preparedness, we use the same colours to indicate the individual, social
and political impact. In the achievements section, we use different gamification elements for the two types
of rewards to indicate that they function in different ways: the badges can be collected, whereas only one
feedback multiplier can be activated at a time.
As introduced above, the gamified visualization dashboard presented in Figure 21 is logically divided into four
main sections corresponding to the main objectives of the POWER DSP: personal preparedness, personal
impact, achievements, and community preparedness. Taken together, achieving these objectives can lead
users to become prepared to tackle water issues that the KDCs are facing. The sections also reflect the
different perspectives from which the visualization dashboard can be viewed: the knowledge, the impact and
the achievements perspectives. The description of these sections that follows focuses on how the identified
gamification elements in Section 3.2 allow to achieve the gamified objectives of each section. We also discuss
briefly which user types can be most motivated by each section. The visualization dashboard in Figure 21 can
be found under “My Progress Page” on the water community platforms6.
The first and the most important objective is to increase the personal preparedness of individuals in a given
water-related issue. In order to reach this objective, the personal preparedness section in the gamified
visualization dashboard in Figure 21 allows to track the aggregated scores7 a user has received in the three
main categories – problem awareness, know-how and readiness to act. The gamification elements used in
this section are the progress radars to enable the users to monitor their progress in the three main knowledge
areas (as discussed in Section 3.2). Additionally, in order to signal to users how they are progressing on their
way to the goal, we use levels. As such, an implicit gamified objective of this section of the visualization is to
first fill the first radar to reach the first level, and finally reach all three levels. We believe that the personal
6

- please note that the version of the gamified visualization dashboard presented here has come through some minor
adjustments as a result of the testing page. Therefore, on the “My Progress” page on POWER DSPs one sees the most
final version. For demonstration purposes we include the “My Progress Page” of the Leicester Water Community
Platform, the others for Milton Keynes, Jerusalem and Sabadell DSP are structurally similar with minor adjustments
(customized labels for the achievement section, and customized text for the motivational messages referring to a given
water issue) and displayed in Figure 22, Figure 23, and Figure 24, respectively.
7
- For example, the score in awareness is the sum of the scores in personal, social and political awareness.
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preparedness section is motivating for all types of users, but especially for achievers and players, as they seek
to track their progress and tackle difficult challenges, free spirits as it allows them to choose the category
they would like to focus on, and also philanthropists and socializers as they – believing in the purpose of the
platform - like to see how their preparedness increases.
The second objective, also discussed in Section 3.1, is to track the potential impact of user actions, along the
three categories: individual, social and political. In order to reach this objective, the personal impact section
of the gamified visualization dashboard in Figure 21 allows to track the aggregated scores8 in the three
dimensions: individual, social and political impact. The gamification elements used in this section to support
the gamified objective are the progress bars to enable users to monitor their progress. Additionally, similar
to the personal preparedness section, there are three levels that the users can reach by performing actions
on the platform. The implicit gamified objective of this section is to reach all the three levels to become fully
prepared to tackle the water issues. The personal impact section can be motivating for all user types, but due
to different reasons. For example, individual impact will be most important for achievers and players as it
reflects how they have performed. At the same time, the social impact can be quite motivating for socializers
and philanthropists as they like to see how their actions impact their social environment. Finally, disruptors
and free spirits might be motivated by their influence on the political level.
The third gamified objective is to reward the users for the overall progress they have achieved with symbolic
virtual rewards. Therefore, the achievements section of the gamified visualization dashboard in Figure 21
contains two rewards: flood warden achievement badge9 and feedback multiplier level. Both the
achievement badges and the feedback multiplier are awarded based on what the users have achieved in
total. The implicit objective of the achievement badges is to gather so much knowledge in water issues that
it is consistent with becoming an advanced flood warden. For some of the KDCs this concept resonates with
the actual existing roles the municipality has introduced in their local reality and is trying to promote among
the citizens (e.g. becoming a real-life flood warden for one’s neighbourhoods in Leicester). In this way,
wherever possible, the designed gamification elements link to actual real-life practice. The gamification
elements used to support this gamification objective are the badges, as well as the progress bars to the
beginner, intermediate and advanced levels to allow them to set intermediate goals. The implicit objective
of the feedback multiplier section is to learn as much about water issues, so that the feedback that a user
provides on the platform is valued higher. An example of how the feedback multiplier is taken into account,
is its application in the gamified idea contest, where the comments and votes from users with a higher
feedback multiplier, count more in the overall scoring of the ideas (see D3.4). The achievements section, as
it focuses on the badges as a form of extrinsic rewards is likely to be most motivating for players as well as
achievers.
The fourth gamified objective – is to increase the preparedness of the whole community. In order to reach
this objective, the community preparedness section of the gamified visualization dashboard in Figure 21
shows how the local community is prepared in the nine categories identified in Figure 8. The main
gamification element used in this section to support the gamified objective is a spider chart diagram that
enables to monitor how the knowledge of the entire community develops in the nine categories
simultaneously. The chart can easily reveal to the users in which dimension the community has “gaps” and in
which ones the community is close to the goal of being well prepared for water issues. This gamified
visualization includes an explicit goal setting – to achieve an equal amount of knowledge in all the nine
categories. At the same time, the user can also display personal scores along the ones of the community and
thus compare the performance to others. We believe that this section of the gamified visualization dashboard
is motivating especially for the philanthropists as they are motivated intrinsically and interested in reaching
common goals. At the same time, this section can motivate socializers who are motivated by relatedness and
want to interact with others.

8

- For example, the social score is the sum of the scores in social problem awareness, social know-how and social readiness to act.
The same yields for the individual and political impact.
9
- Flood warden achievement is the badge the users receive for increasing their knowledge in flood related issues (Leicester DSP),
whereas for other water issues they receive Water Guardian badges (Milton Keynes DSP, Jerusalem DSP, Sabadell DSP).
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The design of the gamified visualization dashboard in Figure 21 is not tied to a specific water issue, but can
be used to monitor the development of preparedness on the individual and community levels for a variety
of water issues. Only slight customizations need to be undertaken in order to apply the design to the specific
water issues of the DSPs. These changes mainly concern the naming of the achievement badges as well as
the text of the motivational messages. For saving water (Milton Keynes DSP) motivational messages are
adapted to reflect the water saving context as well users are awarded with a Water Guardian Achievement
badges (see Figure 22). For water conservation (Jerusalem DSP) the motivational messages reflect the idea
of efficient water use, and the icons of the Water Guardian achievement are adjusted (see Figure 23). For
water reuse (Sabadell DSP) the motivational messages reflect the use of non-potable water and the icons of
the Water Guardian achievement are adapted to reflect this issue (see Figure 24).
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Figure 21: Gamified visualization dashboard to prepare for flooding (Leicester DSP)
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Figure 22: Changes in the gamification dashboard to prepare to save water (Milton Keynes DSP)
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Figure 23: Changes in the gamification dashboard to prepare to use water efficiently (Jerusalem DSP)

Figure 24: Changes in the gamified visualization dashboard for water reuse (Sabadell DSP)
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Evaluation of the POWER gamification model

4.1 Methodology
To evaluate and empirically validate the suitability of the developed gamification model and its design
described in section 3, a series of online user tests has been performed. As we discuss in Section 3.3, we set
out to evaluate the overall model and its applicability to the four main water issues addressed by the project,
contextualized in their respective DSPs: flooding (Leicester DSP), water saving (Milton Keynes DSP), water
efficiency (Jerusalem DSP) and water reuse (Sabadell DSP). More specifically, the aim of the empirical
validation of the gamification model is to assess: 1) the overall motivational effect of the gamification model
in stimulating users to engage with the POWER platform; 2) the conceptual understandability and usability
of the overall gamified design and its individual elements; 3) the motivational effect of the individual
gamification elements; 4) potential differences in the motivational effect of the individual gamification
elements with respect to several possible influence factors, such as: gender, geographical community and
motivational user type.
Our aim is to test the applicability of the gamification model to the water issues identified on a broad
spectrum of users and geographical locations to verify the generalizability of the model and the gamified
visualization model. However, we acknowledge that there might be differences in motivations and user
attitudes based on gender, geographical location or user types. For example, it could be the case that men
are motivated more by certain gamification elements than women, even though most existing empirical
findings did not confirm this relationship (Tondello et al., 2016). Additionally, it would be valuable to explore
whether there are any differences in the motivational effect of the gamification model by the users from
specific geographical communities related to the POWER KDCs that exemplify a given water issue in the
project, e.g. flooding (Leicester DSP) in the UK, or water reuse (Sabadell DSP) in Spain as opposed to the user
responses from other geographical communities. Our assumption, however, is that the motivational effect
of the gamification model should be roughly the same across different geographical communities, as its core
design relates to underlying motivational drivers of different user types, rather than specific geographical
area where a given water issue is exemplary addressed in the project. In fact, the very notion of key
demonstration cities in the project suggests that they demonstrate how the project enables a given water
issue to be addressed, in a way that can be replicated by others. A suitable gamification model itself thus has
to be transferrable and effective across different geographical realities and water issues10. Finally, as our
theoretical model proposes in section 3.2, different user types are likely to be differently motivated by
various gamification elements and we would like to explore if there are any differences in motivations and
evaluations of the gamification elements by the different user types.
To perform this evaluation with respect to the objectives outlined above, a series of online crowd-tests with
a survey was designed and performed, for each of the four water issues and on different geographical user
samples. To elicit user responses to the gamification model, its concrete instantiation in form of the
integrated gamification design (described in section 3.3) was implemented and presented to the participants.
In each test, the participants were presented with a simulation of the functioning of the implemented
gamification design (a video of an example interaction with the gamified platform). Such a video was provided
for each of the four gamified DSPs addressing a specific water issue (i.e. flooding on the Leicester DSP, water
reuse on the Sabadell DS etc.).
To obtain the participants’ responses, a survey has been designed as follows. In total, respondents were
presented with 29 questions, aiming to test the elements of the gamified visualization dashboard, structured
in the following way: 1) questions about the sections of the gamified visualization dashboard; 2) questions

10

Obviously, the importance and specific challenges of different water issues themselves will be heavily dependent on
local realities, that need to be addressed with tailored content and communicational strategies, as exemplified in the
different local DSP of the POWER key demonstration cities. In fact, as described in Section 3, the proposed
gamification model itself allows for this kind of adaptation in the implementation in the local DSPs, e.g. by customizing
the points distribution for different actions, adapting the goal set for community preparedness or customizing the
motivational messages displayed in the gamification dashboard.
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about the visualization dashboard as a whole; 3) questions about the motivational ability of the DSP and its
individual elements; and 4) questions to determine the user type.
First, four sets of questions about the individual sections of the gamified visualization (described in section
3.3) were presented: namely personal preparedness, personal impact, achievements and community
preparedness. The questions about each of the sections had a similar structure: a) assess understandability
of the gamification elements; b) motivational ability of this section to prepare users for the water issue
(perceived motivational effect); c) usability and ease of use (based on the effort expectancy and the
performance expectancy constructs from the UTAUT model (Venkatesh, Morris, Davis, & Davis, 2003)).
Second, another set of questions was related to the overall evaluation of the gamified visualization
dashboard, including: a) pragmatic and hedonic quality (with the questions from Hassenzahl (2004)); b)
usability and ease of use of the visualization dashboard as a whole (a broader set of questions from the
UTAUT performance and effort expectancy scale); and c) two open ended questions about what users liked
and disliked about the visualization dashboard.
Third, the questions about the motivational ability of the DSP as a whole: a) the overall motivation to use the
DSP to prepare oneself for water issues; b) the motivational ability of a set of gamification elements specified
in Table 8; c) the ability of the DSP to fulfill one appropriate dimension of a normative goal (namely, ethics);
d) the ability of the DSP to fulfil one of the underlying gain goal assumingly common to all water issues
(namely, safety); e). usability and ease of use with a shortened version of effort and performance expectancy
scale. Unfortunately, due to the length of the survey required to test all the propositions alongside
understandability and evaluation of the gamified visualization dashboard, for the main persuasive
strategies11 we selected one design element per strategy for testing (those marked with * in Table 8). We
focused on those design elements which were supposed to have a different motivational effect among the
user types.
Fourth, the questions related to the users themselves were collected: a) the HEXAD scale was administered
to identify their user types; and b) user demographics such as age, gender, education and country of origin.
The questions used to test understandability were self-developed and adjusted to fit the water issue context
at hand. The questions measuring effort expectancy and performance expectancy were taken from the
UTAUT model which have been validated multiple times in literature and used to test usability and ease of
use of a variety of applications (Venkatesh et al., 2003). The appropriate questions to test the hedonic and
pragmatic quality of the visualization dashboard were selected from a scale provided by Hassenzahl (2004).
The questions on the underlying safety goal and the ethics goal were taken from the study on consumer
motivation scale by Barbopoulos & Johansson (2017). Finally, the Hexad scale (Tondello et al., 2016) was used
to measure the correspondence to the gamification user types. Most of the items were measured on the 5pt
Likert scale (except for the HEXAD questionnaire which was measured on the 7pt scale).
Different formats of questions were used: true/false statements, answer option choices and open-ended
questions. For open ended questions, we set a minimum limit of characters that the users have to write to
make sure we get extensive responses which can be later used for qualitative analysis. Sometimes, if
participants did not give a correct answer to a closed question, they were prompted to explain their answer
in the open-ended form. This set up gave us the ability to collect quite a large amount of both quantitative
and qualitative data to understand where potential understandability and usability issues lie and how we
then could improve the visualization dashboard to reflect the feedback we have received.
For testing purposes, the water issues were contextualized for each of the DSPs to match the water issues
they address. Four surveys were conducted, for each of the water issues (and their respective DSPs): flooding
was tested on the Leicester DSP, water saving – on the Milton Keynes DSP, water efficiency – for the
Jerusalem DSP and water reuse for the Sabadell DSP. The surveys had a similar structure and asked the same
questions, which were slightly adapted to fit the four water issues addressed through their respective DSPs
that served as test cases of the applicability of the gamification model. In the beginning of the survey a short
statement about the water issue and the purposes of a given DSP was given.

11

- main strategies are all strategies listed in Table 8 except for customization.
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For each of the DSPs the users were presented with a functional simulation of the developed gamification
design which was very similar to the one that was finally implemented in the DSPs (Figure 21). The final
version (that has been described in 3.3) differs in some small changes that mainly resulted as improvements
from the feedback received from the users in this test. During the tests, the users were presented with
screenshots of the gamification design explaining the gamification elements, as well as with a video of a
simulated interaction flow through the water community platforms that illustrated how the possible
interactions of the users with the platform would reflect in the gamified elements and in the gamified
visualization dashboard. The survey was translated both to Spanish and to Hebrew to make sure that the
language is not a barrier for users. The full set of questions including the simulated gamified visualization
dashboards and the videos that were used in the survey can be found in Appendix 8.2.

4.2 Participants recruitment and data collection
Most of the participants were recruited through the crowdsourcing platform Amazon Mechanical Turk (AMT)
that is commonly used for such evaluations (e.g., (Orji et al., 2017). AMT is a platform that allows people to
do micro tasks for small rewards. It works in the following way: the requester posts a task together with
required qualifications for this task and the number of tasks that need to be completed, the participants selfselect themselves to tasks they want to complete and perform the task. After they are done the requester
verifies if the task was completed according to the quality criteria that was set for the task (e.g. no dummy
text entries), and as a consequence approves (or rejects) it, upon which the participants receive their
payment. The platform is extensively used both by researchers (a Google Scholar search gives over 200.000
results), as well as by practitioners to perform various kinds of studies (including evaluating product or system
designs). The advantage of the platform is that it taps into quite a diverse population of potential participants,
more easily accessible than the traditional recruitment methods. In this way, the process of data collection
is more effective as compared to more traditional ways to collect data. A number of studies have confirmed
the methodological validity of using this platform for surveys of various types, including the issue of sampling
and participants’ representatives and potential biases (e.g. Bartneck, Duenser, Moltchanova, & Zawieska
(2015)), sometimes even comparable to nationally representative population-based samples (S. Clifford,
Jewell, & Waggoner, 2015; Heen, Lieberman, & Miethe, 2014). For an extensive methodological analysis see
Sheehan & Pittman (2016).
For all of the tests we conducted, the minimum requirements to participate in the test were that a) the user
is from the European Union (as DSPs were developed to be implemented across the EU), in addition to Israel
(Jerusalem being one of the key demonstration cities in the project), b) that the approval rate for the tasks
they have completed through the platform is higher than 95% (to make sure that the quality of the performed
tasks is good), and c) that they did not take part in our surveys previously (as this might cause response bias).
It was estimated that a participant would take 25 minutes to complete the survey, for which they were
rewarded with $1.50. Although this is not a high reward, it lies above the average rewards on the AMT
platform. Moreover, task instructions explained to the participants that this task is for a research project
funded by the EU and participants should take part not only to earn money, but also to contribute to research
in such an important area as water issues.
For each water issue, we created a separate task. An example of the task description which was provided to
the participants can be found in Appendix 8.3. The quality criteria to approve the task were: that the users
answer all questions and read all of the instructions, they do not select the same answer option for all
multiple-choice questions, and they provide logically and grammatically correct full sentences to the openended questions. The workers were allotted one hour to complete the survey, as some unforeseen
circumstances might prevent them to complete it in 25 minutes (in which case they would not get paid).
The data was collected in several batches. Overall, through Amazon Mechanical Turk we collected 473
responses, 9 responses did not comply with the quality criteria, so these respondents were deleted from the
sample and did not get paid. All other tasks were of adequate quality and were approved. In fact, in many
instances the participants provided explicit feedback and wrote many more sentences that were required
from them. This fact, combined with a relatively fast process of data collection, provides support for choosing
Mechanical Turk as the platform to collect user feedback.
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Additionally, 24 responses from Israel and 19 responses from Spain were collected via posting the link to the
survey on Facebook groups in the representative geographical areas. This had to be done because we did not
get as many users from these areas on Amazon Mechanical Turk as was necessary to test the platform in
these geographical communities. The users that came through this channel were rewarded with Amazon gift
vouchers of 3-5EUR.

4.3 Demographics of the sample
In total, 507 participants were considered in our sample, which are distributed among the four water issues
in the following way: flooding (Leicester DSP) – 122 respondents; water saving (Milton Keynes DSP) – 120
respondents, water efficiency (Jerusalem) – 126 responses, and water reuse (Sabadell) – 139 responses.
Below we present the demographics of the whole sample.
First, the location of respondents is presented. We targeted our survey to the users from the European Union
and Israel, as these are the main locations where the platforms will be or can be potentially implemented. In
Figure 25 we can see that almost 40% of respondents came from the UK. This is a desired result, as two of
the DSPs are to be implemented in the UK (Milton Keynes and Leicester) and we wanted to test the
applicability of the developed gamification concept especially in these geographical communities. For a
similar reason, 13.4% respondents come from Spain and 5.4% of respondents from Israel, where we wanted
to test the applicability of the concept for the DSPs in Sabadell and Jerusalem, respectively. Apart from this,
as is seen in Figure 26, our sample contains a largely diverse population from other countries of the EU which
gives us the possibility to test the applicability of the gamification model not only in the four countries where
the POWER DSPs are currently implemented, but also its transferability to a broader spectrum of other
countries in the EU. In the results section 4.4.3 we will explore the differences in motivation to use the
platform between the users of the different geographical communities.

Figure 25: Country of origin of respondents in our sample (per DSP)
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Figure 26: Country of origin of other respondents
In Figure 27 we can see that all age groups are covered by our sample. Most of the respondents are users in
the ages between 25 and 34, which corresponds to the main target users that can drive the up-take and
scale-up of such digital platforms. At the same time, all other age groups are represented as well and
considering the size of our sample the number of these users is large enough to ensure the diversity of our
sample.

Figure 27: Age of respondents in our sample
What concerns the level of education displayed in Figure 28, we notice that most of the respondents have a
Bachelor Degree or higher, therefore representing quite a highly educated sample. However, there is also a
large-enough portion of participants with high school and vocational education that ensures enough diversity
of our sample.
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Figure 28: Level of education of respondents in our sample
Concerning gender, 265 participants provided this information. From those that responded, we can see that
our sample contains more male than female participants (Figure 29). This can be explained by the
predominance of males in the user population on AMT. However, the sub-sample of female participants is
large enough (38%) to be investigated as a separate sub-sample. We reserve the discussion about the
differences in motivations to use the platform between the genders later in this document (Section 0).

Figure 29: Gender of respondents in our sample

4.4 Evaluation results
The evaluation results are presented in the following way. First, we want to see whether the gamification
model we developed in section 3 can be applied to the different water issues of the DSPs, namely: flooding,
water saving, water efficiency and water reuse in section 4.4.1. Second, we would like to see whether there
are any differences in the evaluation of the gamification model based on such factors as the gender of the
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respondents (section 0), their geographical community (section 4.4.3) or user type (section 4.4.4). In the last
section where we discuss the differences in motivation between the different user types (section 4.4.4), we
also present the summary of the results of the whole sample. As sections that follow present just a different
view on the same results, we present the most comprehensive analysis in section 4.4.1 complemented by
Appendix 8.4, whereas sections 0, 4.4.3 and 4.4.4 focus only on the most important results which relate to
motivation.
4.4.1

Evaluation results by water issue

The results of the evaluation of the gamification model will be presented in the following way: first, the
overall motivational effect of the gamification model will be evaluated; after which we proceed to discuss
the evaluations of the gamified visualization dashboard and its distinct sections. The figures we present below
are based on the questions asked in the survey which can be found in Appendix 8.2 and described in Section
3.
Evaluation of the overall motivational effect of the gamification model
First, we would like to explore the overall motivational effect of the gamified visualization dashboard we
developed. During the test, the respondents were presented with the different instances of the gamified
visualization dashboard contextualized within one of the water community platforms. They also were
presented with a flow that revealed the main idea of the model: how the possible interactions on the
platform are reflected in the gamified visualization dashboard. In the end of these interactions, we asked
them how motivated would they be to use the water community platforms that utilize our gamification
model to prepare themselves for the water issues at hand. In Figure 30, we can see that most of the
respondents (a span of 71-80%) in our sample were rather or very motivated to use the water community
platforms with the implemented gamification model, irrespective of the water issues that these platforms
addressed.

Figure 30: Overall motivational effect of the gamification model across the water issues
In the next step, the respondents were asked which exact elements of the gamification model motivated
them to use the water community platforms to prepare themselves to tackle the water issues (which reflect
the ones presented in Table 8). In Figure 31, we can see that users were rather or strongly motivated by most
of the elements of the gamification model to prepare themselves for flooding in case of Leicester DSP. The
strongest motivation is spurred by the goal setting and suggestion strategy, namely: to learn how to prepare
for flooding (92% of participants agree, of those 54% of participants strongly agreeing and 38% rather
agreeing with this motivation) and increase awareness of flood related issues (89% of participants agree, of
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those 44% strongly and 45% rather agreeing with this motivation). A bit lower, albeit still strong motivators
are rewards, specifically receiving flood warden badges (65% of participants agree, of those 18% strongly and
47% rather agreeing with this motivation) and simulation, or getting points by reading articles (68% of
participants agree, of those 22% strongly and 46% rather agreeing with this motivation). This shows that the
participants are mainly motivated by the aspect of the gamification model which has a relation to their reallife problems – to learn how to prepare and raise awareness of flooding.

Figure 31: Various motivational aspects of the gamification model to prepare for flooding
Figure 32 reveals the motivational aspects of the gamification model to prepare for water reuse in Sabadell
DSP and exhibits similar dynamics. The users were rather or strongly motivated by most of the elements of
the gamification model to prepare themselves for water reuse. The elements that motivate users the most
here are learning how to prepare to reuse water (85% of participants agreeing with this motivation, adding
those that strongly and rather agree) and increasing readiness to reuse water (82% agreeing with this
motivation, likewise, adding those that strongly and rather agree), and helping the community to increase
the use of non-potable water (81% agree with this motivation, likewise, adding those that strongly and rather
agree) as a result of the implementation of the gamification model on the water community platform. The
participants were slightly less, but still quite motivated by receiving flood warden badges (69% agreeing with
this motivation, likewise, adding those that strongly and rather agree) and getting points by reading articles
(69% agreeing with this motivation, likewise, adding those that strongly and rather agree).
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Figure 32: Various motivational aspects of the gamification model to prepare for water reuse
Figure 33 reveals the motivational aspects of the gamification model to prepare for water saving in Milton
Keynes DSP and exhibits similar dynamics as with the motivational aspects for water reuse and flooding. The
users were rather or strongly motivated by most of the elements of the gamification model to prepare
themselves for water saving. The elements that motivate users the most here are learning how to prepare
to save water (86%) and increasing awareness of water scarcity issues (86%) as a result of the implementation
of the gamification model on the water community platform. Slightly fewer respondents are motivated by
receiving flood warden badges (67% agreeing with this motivation) and getting points by reading articles
(67% agreeing with this motivation).

Figure 33: Various motivational aspects of the gamification model to prepare for water saving
Figure 34 reveals the motivational aspects of the gamification model to prepare for water efficiency in
Jerusalem and exhibits similar dynamics as with the other water issues presented above. The users were
rather or strongly motivated by most of the elements of the gamification model to prepare themselves for
water efficiency. The elements that motivate users the most here are learning how to prepare to conserve
water (84%) and increasing readiness to conserve water (82% of participants agreeing with this motivation)
as a result of the implementation of the gamification model on the water community platform. Slightly fewer
respondents are motivated by getting points by reading articles (70% agreeing with this motivation) and
seeing how well prepared I am compared to an average community member (73% agreeing with this
motivation).
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Figure 34: Various motivational aspects of the gamification model to prepare for water efficiency
In the next step, we asked the respondents to evaluate the ability of the water community platforms with
the implemented gamification model to adhere to their normative beliefs, such as ethics. It was interesting
to see whether the participants thought that the application of the gamification model on the water
community platform was in consent with their normative beliefs. The results reported in Figure 35 reveal
that for all the water issues, participants agreed that their usage of the gamified DSP did not violate their
principles (span of 82% - 89% respondents agreed with this statement across the water issues), it is consistent
with their ideals and opinions (81-85 % of respondents across water issues agreed with this statement) and
gives them a good conscience (73%-81% of participants agreeing with this statement). This shows that the
developed gamified model is well aligned with the normative beliefs of the users.

(a)
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(c)
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(d)
Figure 35 (a, b, c, d): Ability of the Water community platform with the gamification model to fulfil the
normative beliefs (a) for Leicester, (b) for Sabadell, (c) for Milton Keynes, and (d) for Jerusalem.
Finally, we asked the respondents to evaluate the usability and ease of use of the gamified DSPs relating to
the four different water issues. Figure 36 uncovers uniform results across water issues: respondents reveal
that they find the gamified DSP useful (a span of 81-89% of participants agree with this statement), learning
how to use the platform is easy (81%-87% agree with this statement) as well as the interactions on the
platform are clear and understandable (76%-85% agree with this statement). As such we conclude that the
designed gamification model is well usable and that no major adjustments were required.
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(c)

(d)
Figure 36 (a, b, c, d): Evaluation of Usability and Ease of Use of the Water Community platforms with the
gamified model (a) for Leicester, (b) for Sabadell, (c) for Milton Keynes, and (d) for Jerusalem
Evaluation of the gamified visualization dashboard
The main component of the gamification model on the water issue DSPs is the gamified visualization
dashboard, that reflects all the actions that the users carry out on the gamified platforms and motivates them
to use the platform to learn about the water issues. Therefore, evaluating the gamified visualization
dashboard which in the DSPs can be found under “My Progress” and is referred to as My progress page is
important to assess the validity of the overall gamification model, and also to see if there are differences
between the sections of the gamified dashboard and the gamification elements we use. We proceed to
present the results of each of the sections of the gamified visualization dashboard which were discussed in
Section 3.3 and conclude with the overall evaluation of the dashboard by the respondents.
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Personal Preparedness Section
After checking for the understandability of the personal preparedness section (Appendix 8.4), participants
were asked how motivated they were by this section to prepare themselves for the water issue at hand. In
the Figure 37, we can see that across all the water issues addressed by the gamified DSPs the participants
were motivated by this section of the gamified visualization dashboard to prepare themselves for the water
issues: 84% for flooding, 72% for water saving, 75% for water reuse, and 78% for water efficiency. This slight
difference in % reveals that people are motivated slightly more by water reuse and flooding than by water
efficiency and saving, which is logical as flooding and water reuse are a larger scale issues with more severe
consequences than water saving or efficiency.

Figure 37: Evaluation of the motivational effect of the personal preparedness section
In the next step, the participants were asked to evaluate the usefulness and the usability of the personal
preparedness section to prepare themselves for water issues. In Figure 38, we can see the uniform results of
the usability and usefulness evaluations across the water issues. A span of 84%- 89% of respondents
(distributed over the water issues) agreed that the personal preparedness section was effectively showing
their progress on the way to prepare themselves for flooding. Further 74-80% of respondents agreed that
“personal preparedness” section was useful to understand how prepared they are for the water issues at
hand. 76-83% of participants reported that understanding the “personal preparedness” section was easy to
them, and another 75-83% of participants said that the “personal preparedness” section was clear to them.
As such we concluded that the personal preparedness section is well usable and that no major adjustments
were required.
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(d)
Figure 38 (a, b, c, d): Evaluation of the ease of use and usability of the personal preparedness section (a)
for Leicester, (b) for Sabadell, (c) for Milton Keynes, and (d) for Jerusalem
Personal Impact section
After checking for the understandability of the personal impact section (Appendix 8.4), participants were
asked how motivated they were by this section to prepare themselves for the water issue at hand. In the
Figure 39, we can see that across all the water issues addressed by the gamified DSPs the participants were
motivated by the personal impact section of the gamified visualization dashboard to prepare themselves for
the following water issues: 77% for flooding, 74% for water saving, 81% for water reuse, and 77% for water
efficiency. These results compared to the motivational effect of the personal preparedness section are
similar, which suggests that the respondents find it also important to track the impact of their actions on
their social and political environment.

Figure 39: Evaluation of the motivational effect of the personal impact section
In the next step the participants were asked to evaluate the usefulness and the usability of the personal
impact section to prepare themselves for water issues. In Figure 40, we can see the uniform results of the
usability and usefulness evaluations across the water issues. A span of 72%-84% of respondents (distributed
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over the water issues) agreed that the personal impact section was effectively how their actions on the
platform impact the social and political environment. Further 75-81% of respondents agreed that personal
impact section was useful. 81-87% of participants reported that understanding the “personal impact” section
was easy to them, and another 82-88% of participants said that the “personal impact” section was clear to
them. As such we concluded that the personal impact section is well usable and that no major adjustments
were required.

(a)

(b)
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(c)

(d)
Figure 40 (a, b, c, d): Evaluation of the ease of use and usability of the personal impact section (a) for
Leicester, (b) for Sabadell, (c) for Milton Keynes, and (d) for Jerusalem.
Achievements section
After checking for the understandability of the achievements section (Appendix 8.4), participants were asked
to assess how they would be motivated by this section to prepare themselves for the water issue at hand. In
this section, we only consider the achievement badges and for the time being omit the evaluation of the
feedback multiplier as it can only be evaluated when users have gained some experience on the platform. In
the Figure 41, we can see that across all the water issues addressed by the gamified DSPs the participants
were motivated by the achievement badges of the gamified visualization dashboard to prepare themselves
for the following water issues: 74% for flooding, 74% for water saving, 78% for water reuse, and 85% for
water efficiency. These results are still very high, though compared to the motivational effect of the personal
preparedness section slightly lower. They suggest that the respondents find it important to receive
achievement badges for their progress on the platforms. We explain the slightly lower motivational effect of
this section (a few % difference) by the fact that not all user types are motivated by achievement badges to
a similar extent, as we have proposed in Section 3.2 – which is an avenue we explore in the further sections
of the evaluation.
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Figure 41: Evaluation of the motivational effect of the Achievement Badges
In the next step the participants were asked to evaluate the usefulness and the usability of the achievements
section to prepare themselves for water issues. In Figure 79, we can see the uniform results of the usability
and sense of accomplishment evaluations across the water issues. A span of 67%-75% of respondents
(distributed over the water issues) agreed that once they get a new achievement badge they would feel that
they achieved something important. Further 69-78% of respondents agreed that collecting achievement
badges would give them a sense of accomplishment. These numbers have a slightly larger span most likely
because only specific user types (Achievers, and Players) are motivated by the achievement badges and there
is just uneven number of these user types in the samples used to test the water issues. 86-89% of participants
reported that understanding the achievements section was easy to them, and another 88-92% of participants
said that the achievements section was clear to them. These results show that this part of the gamified
visualization dashboard is clear to the users.
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(d)
Figure 42 (a, b, c, d): Evaluation of the ease of use and usability of the Achievement Badges (a) for
Leicester, (b) for Sabadell, (c) for Milton Keynes, and (d) for Jerusalem
Community Preparedness
After checking for the understandability of the community preparedness section (Appendix 8.4), participants
were asked to assess how they would be motivated by this section to prepare themselves and their
community for the water issue at hand. In Figure 43, we can see that across all the water issues addressed
by the gamified DSPs the participants were motivated by the community preparedness section of the
gamified visualization dashboard to prepare themselves for the following water issues: 66% for flooding, 62%
for water saving, 63% for water reuse, and 65% for water efficiency. These results compared to the
motivational effect of other sections are lower, which can be explained by the fact, that not all participants
can be equally motivated by this section of the gamified visualization dashboard. As proposed in Section 3.2
might be motivating only to specific user types, such as philanthropists and to socializers, and not to all users
in our sample.

Figure 43: Evaluation of the motivational effect of the community preparedness section
In the next step the participants were asked to evaluate the usefulness and the usability of the community
preparedness section to prepare themselves and their community for water issues. In Figure 46, we can see
the uniform results of the usability and usefulness evaluations across the water issues. A span of 64%-73% of
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respondents (distributed over the water issues) agreed that the community preparedness section shows how
prepared they are for water issues compared to an average community member. Further 64-75% of
respondents agreed that community preparedness section was useful to understand how prepared is the
community for water issues. 52-63% of participants reported that understanding the “community
preparedness” section was easy to them, and another 58-64% of participants said that the “community
preparedness” section was clear to them. These results compared to the ease of use and usefulness of other
sections of the gamified visualization dashboard are slightly lower, which can be explained by the fact, that
the gamification element used to visualize community preparedness is quite a challenging chart which needs
to be studied cautiously and possibly not all participants are ready to invest their time into it.

(a)

(b)
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(c)

(d)
Figure 44 (a, b, c, d): Evaluation of the ease of use and usability of the community preparedness section
(a) for Leicester, (b) for Sabadell, (c) for Milton Keynes, and (d) for Jerusalem
Finally, the users were asked to evaluate the gamified visualization dashboard overall. In Figure 45, below,
we can see the evaluations of the respondents of the dashboard along the hedonic and pragmatic quality
dimensions. We see that the gamified visualization dashboards were evaluated similarly across the water
issues, specifically they were considered creative with an average score of 4/5, exciting with a score of 3.6,
easy with 3.4, clear with 3.6 and practical with 3.9. The only difference is the gamification dashboard for
flooding which is perceived to be a bit more challenging than the rest. This is a bit peculiar, since all the other
responses regarding the ease of use for the flooding issue were very high.
In the next step the participants were asked to evaluate the usefulness and the usability of the whole
gamified visualization dashboard to prepare themselves for water issues. In Figure 46, we can see the uniform
results of the usability and usefulness evaluations across the water issues. A span of 82%-90% of respondents
(distributed over the water issues) agreed that the gamified visualization dashboard was useful to understand
how prepared for the various water issues they were. Further 85-92% of respondents agreed that gamified
visualization dashboard allowed them to track their progress towards becoming prepared for water issues.
69-79% of participants reported that the gamified visualization dashboard was easy to understand, and
another 73-84% of participants said that the gamified visualization dashboard was clear to them. These
results conclude that overall the gamified visualization dashboard we developed is useful and easy to use
and did not need major changes.
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Figure 45: Evaluation of the hedonic and pragmatic quality of the gamified visualization dashboard

(a)
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(c)

(d)
Figure 46 (a, b, c, d): Evaluation of the ease of use and usability of the gamified visualization dashboard
(a) for Leicester, (b) for Sabadell, (c) for Milton Keynes, and (d) for Jerusalem
4.4.2

Evaluation results by gender

In this subsection, we present the results of the evaluation of the gamification model divided by gender. The
results of the evaluation are presented in the same order as it was done in subsection 4.4.1: first, the overall
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motivational effect of the gamification model will be evaluated; after which we proceed to discuss the
evaluations of the elements of the gamified visualization dashboard. The aim of this analysis is to see whether
the motivational effect of our gamification model is different for males and females. As it is shown in Figure
29 (p. 45), 265 (52%) participants provided information regarding their gender. Of those who provided their
gender, 163 (62%) are male and 102 (38%) are female. The figures we present below are based on the
questions asked in the survey which can be found in Appendix 8.2 and described in Section 3. Please note
that here we present the results only of the motivational effect, and for the sake of brevity omit all the other
results relating to other questions, which were already described in section 4.4.1.
Evaluation of the overall motivational effect of the gamification model by gender
First, we present the results on the overall motivation effect. In Figure 47, we can see that most of the
respondents, 73% for male and 75% for female, in our sample were rather or very motivated to use the water
community platforms with the implemented gamification model. This does not show a considerable
difference in evaluations between male and female respondents, so we assume that our gamification model
is equally motivating for men and women.

Figure 47: Overall motivational effect of the gamification model divided by gender.
Regarding which exact elements of the gamification model motivated them to use the water community
platforms to prepare themselves to tackle the water issues, both male and female users showed similar
responses. We present first the results for male users and the results for female users afterwards. In Figure
48, we can see that most male users were rather or strongly motivated by all of the elements of the
gamification model to prepare themselves for the water issues. The strongest motivation for male
respondents is learning how to prepare for water issue (83% of participants strongly or rather agree),
followed by increasing awareness of water issue (81% of participants strongly or rather agree) and monitoring
how the preparedness increases (81% of participants strongly or rather agree). Male respondents are slightly
less motivated by getting points for reading article (66% of participants strongly or rather agree) and receiving
badges for collecting points (70% of participants strongly or rather agree).
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Figure 48: Evaluation of various motivational aspects of the gamification model for male users

Figure 49: Evaluation of various motivational aspects of the gamification model for female users
For female users, in Figure 49, we can see that most of them were rather or strongly motivated by all of the
elements of the gamification model to prepare themselves for the water issues. The strongest motivation of
female users, as with their male counterparts, is to learn how to prepare for water issue (89% of participants
strongly or rather agree) followed by increasing awareness of water issue (88% of participants strongly or
rather agree). Again, similarly to their male counterparts, female respondents are least motivated by
receiving badges for collecting points (74% of participants strongly or rather agree) and getting points by
reading articles (75% of participants strongly or rather agree). The results show that there are no major
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differences in evaluations of the gamification model by male and female respondents. We see that both male
and female participants are mainly motivated by the aspect of the gamification model which has a relation
to their real-life problems – to learn how to prepare and raise awareness of the water issues at hand.
Regarding whether the water community platforms adhere to the normative beliefs of the respondents,
presented in Figure 50, we see that the results are similar across genders. Specifically, participants agreed
that their usage of the gamified DSP did not violate their principles (90% female and 83% male users strongly
or rather agree), it is consistent with their ideals and opinions (88% female and 81% male users strongly or
rather agree) and gives them a good conscience (83% female and 75% male users strongly or rather agree).
This shows that the developed gamified model is well aligned with the normative beliefs of the users for both
genders. The slightly higher evaluations by female users (by a span of 7-8%) is negligible, but might be
explained by the fact that females tend to have higher trusting and normative beliefs.

(a)

(b)
Figure 50: Ability of the Water community platform with the gamification model to fulfil the normative
beliefs divided by female (a) and male (b) users
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Evaluation of the gamified visualization dashboard by gender
Personal Preparedness section
In Figure 51, we can see that both female and male users are very or rather motivated by the personal
preparedness section of the gamified visualization dashboard with 76% male and 77% female users
responding in this manner. These differences in evaluations are negligible, so we can easily say that male and
female users are equally strongly motivated by the personal preparedness section.

Figure 51: Evaluation of the motivational effect of the personal preparedness section divided by gender
Personal Impact Section
In Figure 52, we see that both female (80%) and male (81%) users are very or rather motivated by the
personal impact section of the gamified visualization dashboard to prepare themselves for the addressed
water issues. These differences in evaluations are negligible, so we can easily say that male and female users
are equally strongly motivated by the personal preparedness section.

Figure 52: Evaluation of the motivational effect of the personal impact section divided by gender
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Achievements section
In Figure 53, we can see that both male (81%) and female (83%) participants were motivated by the WATER
ISSUE achievement badges of the gamified visualization dashboard to prepare themselves for the water
issues. Interestingly, female users are even slightly more strongly motivated by the achievement badges than
male users.

Figure 53: Evaluation of the motivational effect of the Achievement Badges divided by gender
Community Preparedness
In Figure 54, we can see that both female (62%) and male (69%) respondents were motivated by the
community preparedness section of the gamified visualization dashboard to prepare themselves for the
water issues. Interestingly, male participants were slightly more motivated than female by this section of the
gamified visualization.

Figure 54: Evaluation of the motivational effect of the community preparedness section divided by
gender
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Finally, regarding the evaluation of the gamified visualization dashboard overall, in Figure 55, we can see the
evaluations of the male and female respondents of the dashboard along the hedonic and pragmatic quality
dimensions. We see that the gamified visualization dashboards were evaluated similarly for both genders,
on the following dimensions: both genders consider the gamified visualization dashboard equally practical
with a score of 3.9 (out of 5), creative with a score of 4 for female and 3.9 for male users, exciting with a score
of 3.6 for both female and male users, and easy with a score of 3.5 and 3.6 for males and females,
respectively. What concerns slight differences, female users considered the visualization slightly clearer with
a score of 3.7 than males with a score of 3.5. However, these small differences are negligible, that we can
conclude that male and female users evaluated the gamified visualization dashboard in the same way.

Figure 55: Evaluation of the hedonic and pragmatic quality of the gamified visualization dashboard
divided by gender
4.4.3

Evaluation results by geographical community

In this subsection, we present the results of the evaluation of the gamified knowledge visualization divided
by geographical communities in which the DSPs are implemented. When we collected responses to our
survey, special attention was given to collect enough participants from the geographical communities where
the DSPs are implemented to make sure that the developed gamification model is equally motivating for
them. At the same time, our goal was to collect an equally high number of participants from other countries
in the EU to make sure that the gamification concept we developed can also be applied there. As is shown in
Figure 25 (p. 43), 59% of our respondents came from the geographical communities of our KDCs, specifically:
201 (40%) of the respondents from the United Kingdom, 68 (13%) from Spain, 29 (6%) from Israel.
Additionally, 209 (41%) were from other European countries. We consider the sample balanced enough to
explore the question of motivation between the various geographical communities of interest.
The results of the evaluation of the gamification model will be presented in the same order as it was done in
the previous subsections 4.4.1 and 0: first, the overall motivational effect of the gamification model will be
evaluated; after which we proceed to discuss the evaluations of the elements of the gamified visualization
dashboard. The figures we present below are based on the questions asked in the survey which can be found
in Appendix 8.2 and described in Section 3. Please note that here we present the results only of the
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motivational effect, and for the sake of brevity omit all the other results relating to other questions, which
were already described in section 4.4.1.
Evaluation of the overall motivational effect of the gamification model by geographical community
In Figure 56, we can see that most of the respondents in our sample were rather or very motivated to use
the water community platforms with the implemented gamification model, irrespective of the geographical
community they came from. Specifically, 75% users from the United Kingdom, 64% from Spain, 93% from
Israel 93% and 73% from other countries of the EU were strongly or rather motivated by the water
community platforms to prepare themselves for water issues. These results show slight deviations, with
slightly less users motivated in Spain and slightly more users motivated in Israel. This can be explained by
either small regional differences with respect to motivation or also can be due to the unbalanced sample
sizes that we were able to collect. However, the relative dynamics of the responses are similar where most
users felt “rather motivated” by the Water community platforms.

Figure 56: Overall motivational effect of the gamification model divided by geographical community
Concerning the specific elements motivating users in the different geographical areas, as Figure 57, Figure
58, Figure 59 and Figure 60 reveal, we can also observe quite a similar pattern. Specifically, in Figure 57 we
can see that users from the United Kingdom were rather or strongly motivated (from 68% to 89%) by the all
of the elements of the gamification model to prepare themselves for flooding. The strongest motivation is
learning how to prepare for water issue (89% of participants strongly or rather agree), followed by increasing
awareness of water issue (87% of participants strongly or rather agree). The UK respondents are slightly less
motivated by receiving badges for collecting points (68% of participants strongly or rather agree) and getting
points by reading articles (69% of participants strongly or rather agree).
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Figure 57: Evaluation of various motivational aspects of the gamification model for users from the United
Kingdom
In Figure 58, we can see that most users from Spain were rather or strongly motivated (from 62% to 82%) by
all elements of the gamification model to prepare themselves for the water issue. The strongest motivation
is learning how to prepare for water issue (82% of participants strongly or rather agree), as with the case of
the UK, followed by monitoring how the preparedness to deal with water issue increases (76% of participants
strongly or rather agree) which for UK respondents is on the third place. Similarly, to the UK respondents,
respondents in Spain are slightly less motivated by receiving badges for collecting points (62% of participants
strongly or rather agree) and receiving getting points by reading articles (62% of participants strongly or
rather agree).

Figure 58: Evaluation of various motivational aspects of the gamification model for users from Spain
In Figure 59, we can see that most users from Israel were rather or strongly motivated (from 62% to 93%) by
all elements of the gamification model to prepare themselves for the water issue. The strongest motivation
is increasing their awareness for water issue (93% of participants strongly or rather agree), followed by
learning how to prepare for water issue (86% of participants strongly or rather agree) – similar to the
respondents in the UK. The respondents in Israel are slightly less motivated by getting points by reading
articles (62% of participants strongly or rather agree) as in the other two geographical communities and
comparing their preparedness to an average community member (72% of participants strongly or rather
agree).
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Figure 59: Evaluation of various motivational aspects of the gamification model for users from Israel
In Figure 60, we can see that most users from other countries of Europe were rather or strongly motivated
(from 70% to 86%) by the elements of the gamification model to prepare themselves for the water issue. The
strongest motivation of these users is learning how to prepare themselves for water issue (86% of
participants strongly or rather agree), followed by increasing their awareness of water issue increases (85%
of participants strongly or rather agree) as in both UK and Israel. As with the other three cities, the
respondents are slightly less motivated by receiving badges for collecting points (70% of participants strongly
or rather agree) and receiving getting points by reading articles (71% of participants strongly or rather agree).
Overall, we can see that the pattern of motivation of users by the various gamification elements is quite
uniform with small differences that do not require special attention. We notice that users consistently rate
highly elements that allow to achieve the goal setting and monitoring persuasive strategies, and slightly less
the elements pertaining to simulation and rewards. This can be expected, as rewards and simulation were
proposed to impact only a subset of user types. Still the motivation for these elements is strong enough to
consider them motivating for a large number of users in our sample.

Figure 60: Evaluation of various motivational aspects of the gamification model for users from other
countries of Europe
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In Figure 61, shows how participants across the different geographical regions evaluated the ability of the
DSPs to adhere to their normative beliefs. Overall, users across the geographical communities rated their
normative beliefs quite highly: the DSPs did not violate their principles (range from 81% to 88% of users
strongly or rather agree), DSP is consistent with their ideals and opinions (range from 76% to 97% of users
strongly or rather agree) and gives them a good conscience (range from 74% to 81% of users strongly or
rather agree). This shows that the developed gamified model, as in the other cases, is well aligned with the
normative beliefs of the users, irrespective of their geographical community.

(a)

(b)
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(c)

(d)
Figure 61 (a, b, c, d): Ability of the Water community platform with the gamification model to fulfil the
normative beliefs divided by geographical community, (a) for users from the United Kingdom, (b) for
Spain, (c) for Israel and (d) for other countries
Evaluation of the Gamified Visualization Dashboard by Geographical Community
Personal Preparedness Section
In Figure 62, we see that a range of users from different geographical communities, specifically 64%-93% are
very or highly motivated by personal preparedness to prepare themselves for the addressed water issues.
The lowest percentage of motivated users (64%) was found in Spain, whereas the highest (93%) in Israel. This
may be due to the cultural differences between these geographical communities or result from the
differences in sample size. At the same time, the UK sample had 81% of users who were strongly or rather
motivated by personal preparedness, whereas the other EU sample had a comparable 75% of motivated
users.
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Figure 62: Evaluation of the motivational effect of the personal preparedness section divided by
geographical community
Personal Impact section
Regarding how users were motivated by the personal impact section of the dashboard, in Figure 63, we see
that a range of users from different geographical communities, specifically 74%-97% are very or highly
motivated by this section to prepare themselves for the addressed water issues. The lowest percentage of
motivated users (74%) was found in Spain, whereas the highest (97%) in Israel. This, again may be due to the
cultural differences between these geographical communities or result from the differences in sample size.
At the same time, the UK sample had 79% of users who were strongly or rather motivated by personal impact,
whereas the other EU sample had a comparable 73% of motivated users.

Figure 63: Evaluation of the motivational effect of the personal impact section divided by geographical
community
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Achievements section
Regarding how users were motivated by the achievements section of the dashboard, in Figure 64, we see
that a range of users from different geographical communities, specifically 74%-93% are very or highly
motivated by this section to prepare themselves for the addressed water issues. The range of motivation is
similar to the personal impact section. Specifically, the lowest percentage of motivated users (74%) was
found in Spain, whereas the highest (93%) in Israel. This, again may be due to the cultural differences
between these geographical communities or result from the differences in sample size for these
communities. At the same time, the UK sample had 84% of users who were strongly or rather motivated by
achievements, whereas the other EU sample had a comparable 81% of motivated users.

Figure 64: Evaluation of the motivational effect of the Achievement Badges divided by geographical
community
Community Preparedness
Regarding how users were motivated by the community preparedness section of the dashboard, in Figure
65, we see that a range of users from different geographical communities, specifically 54%-97% are very or
highly motivated by this section to prepare themselves for the addressed water issues. The range of
motivation is similar to the personal impact and achievements sections. Specifically, the lowest percentage
of motivated users (54%) was found in Spain, whereas the highest (97%) in Israel. We also note quite a large
span in motivation for this section. This, again may be due to the cultural differences between these
geographical communities, where the community in Israel is a bit more community-oriented than those in
the EU. At the same time, the UK sample had 64% of users who were strongly or rather motivated by
achievements, whereas the other EU sample had a comparable 63% of motivated users.
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Figure 65: Evaluation of the motivational effect of the community preparedness section divided by
geographical community
Finally, in Figure 66, we can see the evaluations of the respondents from the different geographical
communities along the hedonic and pragmatic quality dimensions of the gamified visualization dashboard.
We see that the gamified visualization dashboards were evaluated similarly by the users of the different
geographical communities, however the users in Israel did have slight differences to the rest of the
geographical communities. The users were quite similar on the following dimensions: all communities
consider the gamified visualization dashboard equally practical with a span of scores between 3.8-4.0 (out of
5), exciting with a span of scores between 3.5 to 3.9. Some larger differences were observed between Israel
and other geographical communities for the following dimensions: respondents in Israel considered the
visualization dashboard more clear (4.2) vs. a span of 3.4-3.7 for other communities, easier with a score of
3.9 vs. a span of 3.3-3.4 for other communities, however the users in Israel considered the visualization
dashboard less creative (3.4) vs. a span of 3.9-4.0 for the respondents from other communities. These slight
differences, again, can be explained by the differences in culture and perceptions, or can be due to a lower
Israeli sample. In any case, these evaluations are quite positive to be able to conclude that our developed
visualization dashboard is equally (albeit with smaller regional differences) motivating for users both from
the communities where the DSPs are implemented as well as from other potential cities where they can be
implemented in the EU.
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Figure 66: Evaluation of the hedonic and pragmatic quality of the gamified visualization dashboard
divided by geographical community
4.4.4

Evaluation results by user type

The results of the evaluation of user types are based on the whole sample of users (N=507) irrespective of
the water issue they were presented with, their gender or their geographical community, as we have already
found that there has been no substantial influence of these factors on the results. In this section, we briefly
look at the descriptive statistics for the main motivational variables of interest for the whole sample of users,
before we go into exploring the difference in motivation between various user types.
First, in Figure 67 we see that about three fourths of the respondents in our sample (74%) were rather or
very motivated to use the water community platforms. Another 16% were neither motivated nor
demotivated, and just 10% were very or rather demotivated. The distribution is thus strongly positively
skewed towards motivation rather than demotivation, and that there are few respondents who are not
motivated or undecided.

Figure 67: Motivation of all respondents to use the water community platform
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In Figure 68 we can see the breakdown of motivation of all respondents by the section of the gamified
visualization dashboard. Similarly to the results presented in the previous sections, we can see that
participants are motivated to the same extent by the following sections: personal preparedness (77% of
respondents are rather or strongly motivated), personal impact (77% of respondents) and achievements
(78% are rather or strongly motivated). At the same time, a bit fewer respondents (64%) are strongly or
rather strongly motivated by the community preparedness section. This result is expected, as the community
progress might be more motivating for some types of users rather than for others. Further on, we will take a
closer look at which users are more and which less motivated by the community section.

Figure 68: Motivation of all respondents by the four main sections of the gamified visualization
dashboard
In Figure 69 we present the motivations of all users in our sample by the various gamified elements that have
been used in the gamified visualization dashboard. Each of these elements reflects one of the persuasive
strategies we have identified in Table 8 which are necessary to stimulate the users to interact with the
gamified visualization dashboard. In Figure 69 we see that the users are most highly motivated by the goal
setting and suggestion strategy which is reflected in two items such as “learning how to prepare for water
issues” (87% of users strongly or rather agree to be motivated by this item) and “increasing awareness of
water issues” (85% of users). This is followed by the cooperation strategy reflected in the ability to see the
community scores (79% of people are motivated by this item) and possibility to compare oneself to others
(74%). Slightly lower scores were obtained by such persuasive strategies as rewards reflected in receiving
badges (69%), and simulation reflected in getting points for participation (68%). Overall, as we have seen in
the section 4.4.1, section 4.4.2 and section 4.4.3 these results are quite consistent across water issues, gender
and geographical community. In this section we will explore whether these results differ with respect to the
ability of the individual gamification elements to motivate various user types.
In the next step, we would like to see whether the motivation to use the platform or the motivational ability
of any of the explored gamification elements differed by user type. Our gamification concept presented in
Section 3.2 rests on the assumption that a wider spectrum of gamification elements needs to be included so
as to motivate a broad spectrum of different user types. The purpose of the analysis of this section is twofold: on the one hand, we want to make sure that overall our gamification model is equally motivating for all
user types; but on the other hand, we would like to explore whether different gamification elements are
more motivating for some user types than others. This analysis should allow us to confirm the propositions
we have developed in Table 8 about the relationships between the user types and the motivational effect of
the different elements of our integrated gamification model.
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Figure 69: Motivation of all respondents by the various elements of the gamified visualization dashboard
To identify the user types, we have used the scale developed by Tondello et al. (2016), which for each of the
six user type dimensions – Philanthropist, Socializer, Free Spirit, Achiever, Player and Disruptor – consists of
four items that identify each dimension (presented in the last set of questions in the Survey in Appendix 8.2).
To get the overall score of a user on each of the user type dimensions, the scores that participants received
in each of the items are summed up. Each question was asked on a 7-point Likert scale, so the maximum
score that can be obtained for each user type dimension is 28. In Table 9 the average scores that participants
achieved in each user type dimension are presented. We see that overall the scores are quite high in five user
type dimensions – Philanthropist, Socializer, Free Spirit, Achiever and Player, whereas there is a considerably
lower score on the Disruptor dimension. This can be expected as the disruptor dimension includes such items
as: being a rebel and disliking following rules which are not usually very common in a user population. The
highest scores have been obtained for the philanthropist and free spirit dimensions. We will use these scores
as a basis to calculate the correlation coefficients with the gamified elements presented in Table 10.
Table 9: Average scores and standard deviation for each Hexad user type dimension
Philanthropist Socializer Free Spirit Achiever Disruptor
Player
dimension
dimension dimension dimension dimension dimension
Mean

24.0

21.0

23.5

23.2

16.2

22.5

Std.
Deviation

3.17

4.77

3.27

3.40

5.15

4.12

N

507

507

507

507

507

507

Figure 70 shows the distribution of the participant’s main Hexad user type, i.e. the user type dimension in
which the participant achieved the highest score. From this graph, we can see that the users are quite evenly
distributed among the five Hexad user types – Philanthropist, Socializer, Free Spirit, Achiever and Player,
whereas there is only a tiny fraction of disruptors. The distribution of the 507 respondents between their
main user types is quite similar to the one reported by the creators of the Hexad user type scale (Tondello et
al., 2016). We note that by definition there are not so many disruptors in the user population so we consider
this to be an expected result. At the same time, as the portion of disruptors is too small, and not comparable
to the numbers of the other user types, in the sections that follow we only provide the values for this user
type for the sake of completeness, but do not allow ourselves to make any conclusions regarding the
motivational aspects of this user type. The division into main user types presented here will be used to
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explore the differences between their evaluations of the motivational effect of the various gamified elements
of our model, in Table 11 and Table 12.

Figure 70: Distribution of participant’s main Hexad user type
To identify the differences in the ability of the various gamification elements to motivate different user types,
we conduct statistical analysis. Our analysis is divided into several parts: first, we explore the correlations
between the different user type dimensions and the elements of our gamification model. Second, to deepen
the analysis and explore the differences between the user types, we compare the motivational effect of
various gamification elements among the user types with the help of ANOVA analysis and comparison of
means.
First, to identify relationships between the user type dimensions (see Table 9) and the elements of the
gamified visualization dashboard, we conduct a correlation analysis. As the scores of the participants in our
sample are not normally distributed, we use Kendall’s  to calculate correlations between the Hexad user
type dimensions and the motivation of users by various elements of the gamified visualization dashboard.
We note that the absolute value of Kendall’s  is usually lower than the values of the more commonly known
Pearson’s r or Spearman’s p. Therefore, the effect sizes we are looking for have to be adjusted12. In Table 10
we present the correlation coefficients and their significance levels between the user type dimensions and
the elements of our visualization dashboard: we marked with a bold font style those coefficients which
correspond to a small effect size or higher (Gilpin, 1993).
What concerns the first set of correlations between the sections of the gamified visualization dashboard and
the user type dimensions presented in Table 10, we see that all sections are positively and significantly
correlated with all user type dimensions, except disruptor. The only difference is whether the correlation
coefficients show an effect size which is the case for two user type dimensions, namely socializer and
philanthropist, with the impact, achievement and community preparedness sections of the gamified
visualization dashboard. This result confirms that the developed gamified visualization dashboard is
motivating for all user types, with a specific accent on philanthropists and socializers – probably users who
are most interested in the content of the water community platforms.
A more comprehensive analysis concerns the correlations between the various gamification elements and
the user type dimensions presented in the second half of the Table 10. We also notice that all explored
gamified elements are significantly correlated with most user type dimensions, albeit very few exceptions
(such as e.g. motivation by helping community and the player dimension; as well as no relationships with
- We used the following values for the effect sizes: small effect is  = 0.20, medium effect  = 0.34, and large effect
with  = 0.50 (Gilpin, 1993).
12
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disruptor). However, we will take special focus on the relationships which have a small or higher effect size
(the ones selected in bold). We see here that there is a relationship between every gamified element and the
philanthropist and socializer dimensions. These results extend the propositions we made in Table 8 for these
two user types – they seem to encompass a much higher spectrum of motivations. At the same time, free
spirit dimension is correlated with such elements as points, monitoring preparedness, and the goal setting
items: learning how to prepare and increase awareness. The achiever and player dimensions are correlated
with a selected set of elements, monitoring and learning for the former dimension and badges and points for
the latter one. The results for these user types are generally in line with the propositions we made in Table 8
with small exceptions, which we explore further in this section.
Table 10: Bivariate correlation coefficients (Kendall’s ) and significance (** p<0.01, * p<0.05) between
the Hexad user type dimensions and the elements of the gamified visualization dashboard
Philanthropist
dimension

Socializer
dimension

Free Spirit
dimension

Achiever
dimension

Disruptor
dimension

Player
dimension

Preparedness section

0.136**

0.172**

0.155**

0.151**

0.029

0.192**

Impact section

0.247**

0.249**

0.159**

0.182**

0.043

0.188**

Achievements section

0.316**

0.238**

0.139**

0.165**

0.025

0.137**

Community section

0.247**

0.289**

0.130**

0.175**

-0.019

0.039

Overall motivation

0.257**

0.268**

0.158**

0.160**

-0.028

0.140**

Badges for collecting
points

0.347**

0.297**

0.167**

0.228**

0.054

0.220**

Points for reading articles

0.296**

0.294**

0.209**

0.184**

0.026

0.203**

Monitoring preparedness

0.319**

0.257**

0.250**

0.277**

-0.064

0.149**

Learning how to prepare

0.313**

0.217**

0.231**

0.235**

-0.051

0.127**

Increase awareness

0.319**

0.245**

0.211**

0.165**

-0.071

0.088*

Help community prepare

0.319**

0.325**

0.133**

0.180**

-0.077

0.058

Compare to community

0.297**

0.281**

0.150**

0.184**

-0.036

0.190**

N

507

507

507

507

507

507

In the second step, we would like to explore whether the motivational effect of the different elements of the
visualization dashboard differs between the main user types presented in Figure 70. This analysis allows us
to study the differences in motivation between the user types even more thoroughly and explore the
propositions of our gamification model (Table 8). As our data is non-normally distributed, we used a KruskallWallis test, which is a non-parametric equivalent of one-way independent ANOVA13, to determine whether
there are any differences in motivations between the main user types. As we are dealing with 6 different user
types, to determine which specific user types differ from each other, we need to run a series of MannWhitney post-hoc tests. As we have five user groups which we would like to compare all between each
other14, we apply the Bonferroni correction in order to diminish the probability of Type I error (Field & Hole,
2002). As conducting tests to test all groups against each other would result in a very harsh correction value
and make it impossible to find any significant relationships, we limit ourselves on testing only those
relationships which we hypothesized in section 3.2 in Table 8. Even then we need to conduct 6 different tests
13

- The reader should note that non-parametric tests use the ranks as the basis for the comparison and not the means.
However, the order of magnitude of the ranks is similar to the means presented in the Table 11.
14
- As stated before, we do not take into account the Disruptors, as this user group is not comparable
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for each gamification element and therefore only the relationships where p<0.01 are considered significant.
At the same time, we also report relationships with p<0.05, that show some effect that needs to be verified
in further tests. We first study the differences in the motivations by the different sections of the gamified
visualization dashboard, and then proceed to study the differences in motivation by the specific gamification
elements. Please note that the analyses presented below are based on the participant’s main Hexad user
type, presented in Figure 70.
Table 11 presents the means and standard deviations of the evaluation responses to the question “How
motivated are you by…” for the different sections of the visualization, distributed among the user types. A
visual inspection of Table 11 reveals that there are slight differences between the user types in the
motivational effect of the various sections of the gamified visualization dashboard. We see that preparedness
and impact sections are slightly more motivating for achievers and socializers, the achievement section for
philanthropists, achievers and socializers; and the community section for philanthropists and socializers.
However, in order to make conclusions about the significance and magnitude of these effects, we needed to
conduct statistical tests. First, we test for the significance of the differences in the motivational effect of the
platform as a whole. We find that participants overall motivation to use the platform was not affected by
their main user type (H(5)=9.26, n.s.). Then, we test for the significance of the differences in motivation by
the different sections of the gamified visualization dashboard. We find one statistically significant
relationship15: participant’s motivations by the community section of the visualization dashboard were
significantly affected by their main user type (H(5)=15.338, p<0.01).
Table 11: Motivational evaluations of the main sections of the gamification dashboard by the main Hexad
user types: means (standard deviations)
Evaluation responses of the main user types
How motivated
are you by…?

Achiever

Free
Spirit

Philanthr
opist

Player

Socializ
er

Disrupt
-tor

All
Users

Overall
motivation

3.92
(0.85)

3.71
(0.89)

3.82
(0.98)

3.63
(0.97)

3.91
(0.87)

3.43
(1.13)

3.78
(0.92)

Preparedness
Section

3.89
(0.73)

3.86
(0.72)

3.76
(0.80)

3.74
(0.67)

3.88
(0.89)

4.00
(0.58)

3.83
(0.76)

Impact section

3.99
(0.87)

3.93
(0.74)

3.93
(0.71)

3.86
(0.82)

3.99
(0.86)

3.57
(0.79)

3.93
(0.80)

Achievement
Section

4.03
(0.89)

3.90
(0.82)

4.09
(0.82)

3.87
(0.75)

4.05
(0.79)

3.86
(0.38)

3.98
(0.82)

Community
Section
N

3.79
(0.92)
90

3.52
(0.93)
133

3.82
(0.94)
92

3.55
(1.08)
94

3.93
(0.83)
91

3.57
(0.79)
7

3.70
(0.95)
507

In the next step, Mann-Whitney tests were used to follow up on this finding and identify which groups
revealed statistically significant differences. As hypothesized in section 3.3, community preparedness section
is mostly motivating for philanthropists and socializers. Therefore, we test the differences between these
two user types and all others. It appeared that the philanthropists were significantly more motivated by the
community preparedness section than the free spirits U=4991.5, p<0.01, r = -0.162 which represents a small
effect size. At the same time, socializers were significantly more motivated by the community preparedness
section than the free spirits as well U=4500.5, p<0.01, r=-0.231 which represents a medium effect size. This
result can be expected, as the community preparedness section contains gamification elements included in
the strategy of cooperation and comparison, which in section 3.2 we proposed to be most motivating for the
15

- Motivation of the Preparedness section did not significantly differ between the user types (H(5)=4.4, n.s.), the same
is true for the motivation of the impact section (H(5)=3.98, n.s.) and motivation of the achievements section
(H(5)=8.35, n.s.).
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philanthropists and socializers. Thus, we can conclude that while design successfully addresses all the user
types there is a slight motivational preference for the community preparedness section by the philanthropists
and socializers.
Table 12 presents the means and standard deviations of the evaluation responses to the question “How
motivated are you by…” for the distinct gamified elements, mapped also to the persuasive strategies they
are allowing to achieve as defined in Table 8, and distributed among the user types16. A visual inspection of
Table 12 reveals that there are slight differences between the user types in the motivational effect of the
various gamified elements. Motivation by collecting badges (rewards strategy) seems to be slightly more
pronounced for achievers and socializers. Points as a representation of the simulation strategy seem to be
slightly more motivating for socializers and achievers. Monitoring preparedness (self-monitoring and
feedback strategy) seems to be most motivating for achievers and socializers. Learning how to prepare (goal
setting strategy) is most motivating for achievers and free spirits. Increasing awareness (also goal setting
strategy) is most motivating for achievers and philanthropists. Helping community prepare (cooperation
strategy) is more motivating for socializers and achievers. Finally, comparing own preparedness with that of
the community (comparison strategy) is most motivating for achievers, players and socializers. Overall,
socializers seem to be motivated by more gamified elements, whereas players are motivated by less elements
than we originally proposed in Table 8.
However, in order to make conclusions about the significance and magnitude of these effects, we needed to
conduct statistical tests. We tested for the significance of the differences in the motivational effect of the
various gamification elements among the participant’s main user type. The conducted Kruskall-Wallis tests
reveal that there is a statistically significant difference in the motivational effect between the different user
types for the following elements: motivations by badges (H(5)=10.895, p<0.05); monitoring preparedness
(H(5)=17.461, p<0.01), learning how to prepare for the water issue (H(5)=14.039, p<0.05) and helping
community prepare (H(5)=18.251, p<0.01)17.
Mann-Whitney tests were used to follow up on these findings and identify which groups revealed statistically
significant differences for each of the gamification elements which showed significant results. For each
gamification element, the number of tests conducted reflected the propositions outlined in Table 8.
Bonferroni corrections regarding the necessary significance value were applied depending on the number of
conducted tests. For badges (rewards strategy), we conducted 6 tests where we compared the differences
between the achievers and players and all other user types. It appeared that the achievers were significantly
more motivated by badges than free spirits U=4900, p<0.01, r = -0.16518 which represents a small effect size.
At the same time players were not significantly more motivated by badges than any of the other user types.
This result is in line with our propositions that badges allow achievers to confirm that they have achieved
something meaningful. Additionally, contrary to expectations, we found that socializers are more motivated
by the badges than players U=3605, p<0.05, r = -0.144 (the significance of this effect is, however, lower than
that what is required by the Bonferroni correction). This is an interesting finding that might need to be
explored further and might be explained by the fact that badges for socializers can be a form of “social pride”.
To test the differences in motivation for monitoring preparedness (self-monitoring and feedback strategy)
between the main user types, we conducted 6 tests where we compared players and achievers against all
other user types. We found that, as we proposed, achievers are more motivated by monitoring preparedness
than philanthropists U=3403.5, p<0.05, r=-0.166. At the same time, contrary to our propositions, we found
that socializers are more motivated by monitoring preparedness than players, U=3470, p<0.05, r= -0.177;
and also free spirits are more motivated by monitoring preparedness than players U=5301, p<0.05, r=-0.139.

16

- please note that not all gamification design elements from Table 8 could be tested due to the constraints of the
length of the survey. We tested one gamified element for each main strategy. We selected those elements the
motivational impact of which was supposed to differ based on user type.
17
- Other elements did not reveal any statistically significant differences in the motivation by the various elements
between the user types: motivation by getting points (H(5)=6.031, n.s.), motivation by increasing awareness
((H(5)=8.626, n.s.) and motivation by comparison (H(5)=7.753, n.s.)
18
- all of the hypothesized relationships were tested, however here we present only the significant relationships at
p<0.05
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However, the significance of these results is lower than that what is required by the Bonferroni correction,
so they would need to be followed up and cannot be definitely confirmed in this study.
What concerns the differences in motivation by learning how to prepare for a water issue (goal setting and
suggestion persuasive strategy) among the main user types, we conducted 6 tests where we compared
achievers and free sprits against all other user types. We find that, as hypothesized, achievers are significantly
more motivated by this gamification element than players, U=3216, p<0.01, r=-0.228 which represents a
medium effect size. At the same time, free spirits are not significantly more motivated by learning how to
prepare themselves for water issues than any of the other user types. It might be necessary to conduct
further tests to determine the differentiated motivational elements for this user type.
Table 12: Motivational evaluations of the gamification elements by the main Hexad user types: means
and standard deviations
Persuasive
strategy
Rewards

Simulation

Selfmonitoring and
feedback
Goal setting

Cooperation

Comparison

Gamification
element
Badges for
collecting
points

Evaluation responses of the main user types
AchieFree
Philanthr
Social
ver
Spirit
opist
Player izer

Disrup
tor

All
Users

3.89
(0.95)

3.49
(1.19)

3.76
(1.01)

3.51
(1.12)

3.81
(1.02)

3.43
(1.27)

3.67
(1.08)

Points for
reading articles

3.8
(0.93)

3.7
(1.05)

3.74
(0.99)

3.59
(1.02)

3.9
(0.98)

3.57
(1.13)

3.74
(1.00)

Monitoring
preparedness

4.32
(0.73)

4.1
(0.90)

3.98
(1.01)

3.82
(1.03)

4.16
(0.82)

3.43
(1.13)

4.07
(0.92)

Learning how
to prepare
Increase
awareness of
issues
Help
community
prepare
Compare my
preparedness
with
community

4.47
(0.72)

4.29
(0.82)

4.26
(0.86)

4.1
(0.92)

4.26
(0.84)

3.43
(1.27)

4.26
(0.85)

4.23
(0.88)

4.16
(0.85)

4.22
(0.86)

4.06
(0.81)

4.18
(0.93)

3.43
(1.13)

4.16
(0.87)

4.21
(0.84)

3.92
(0.96)

4.1
(1.01)

3.85
(0.94)

4.24
(0.79)

3.43
(1.13)

4.04
(0.93)

4.04
(0.96)

3.78
(1.06)

3.91
(1.05)

4.03
(1.03)

4.02
(1.12)

3.57
(1.27)

3.94
(1.05)

90

133

92

94

91

7

507

N

In order to find the differences in the motivational element “help community prepare for water issue”
(cooperation strategy) between the user types, we conducted 6 tests where we compared philanthropists
and socializers against all other user types. We find that philanthropists are more motivated by helping
community than players, U=3563, p<0.05, r= -0.161, however the significance of this effect is lower than that
what is required by the Bonferroni correction. Additionally, we find that socializers are significantly more
motivated by helping the community prepare than free spirits, U=4923.5, p<0.01, r=-0.169 which represents
a small effect size and also more motivated than players, U=3239, p<0.01, r=-0.226 which is a medium effect
size. This effect has been expected because the community preparedness offers the socializers possibility to
engage with their community and to compare their scores with others.
Overall, the findings presented in this section give a certain indication as to the specific motivational power
of various gamification elements and their differences among the user types (based on the correlational
analysis presented in Table 10 as well as the results of the pairwise comparisons). Taken together, we observe
that some of the relationships proposed in Table 8 were confirmed and some new relationships emerged, so
that a new mapping between the user types and the motivational power of gamification elements is
proposed in Table 13. In this table, the relationships which were additionally found through the correlational
analyses are displayed in light green (significant correlations with the small effect size or higher). At the same
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time, the relationships confirmed through pairwise comparisons between the user types are displayed in
dark green (only those where the Bonferroni test has been passed). All other tentative relationships are
presented in grey – either the ones that were not yet tested due to constraints of the length of survey (but
where a relationship is theoretically explained in Section 3.2) or those relationships for which some indication
in the explored data was found, but no conclusive result could be made (such as e.g. significant correlations
but with no effect size; or significant relationship in the pairwise comparison which did not pass the
Bonferroni correction).
Table 13: Verified and extended integrated design model for POWER DSP, where X – indicate confirmed
relationships based on correlation analysis, X – confirmed relationships based on the pairwise
comparisons, X – indicate tentative or theoretically proposed relationships
Persuasive
Strategy

Design elements adapted
to our context

Simulation

Getting points for actions * x

Self-monitoring
and feedback

Rewards

Goal Setting
and Suggestion

User Type
Achiever Philanthropist

Socializer

Free
Spirit

Player

X

X

X

X

Dynamic side bar with a
x
summary of points in main
categories: awareness,
know-how and readiness to
act

x

x

x

x

Monitoring preparedness
with aggregated progress
indicators *

XX

X

X

X

x

Feedback message after
action

x

x

x

x

x

Achievement Badges *

XX

X

X

X

Relevance Indicator
(Feedback Multiplier)

x

x

x

Levels for learning *

XX

X

X

X

x

Levels for increasing
awareness *

X

X

X

X

x

Motivational messages

x

x

x

x

x

Cooperation

Community
perspective x
and community goals *

XX

XX

x

Comparison

Comparison of personal
scores and community
scores *

x

X

X

x

x

Customization

Toggle personal scores and x
toggle levels

x

x

x

x

Disruptor

x

x

x

x

x
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From Table 13 we can see that the identified gamification elements are motivating for more user types that
we originally proposed. For example, getting points for reading articles is not only motivating for players as
we proposed in Table 8, but also for philanthropists, socializers and free spirits. The same holds for
achievement badges: they are not only motivating for achievers and players as we proposed in Table 8, but
also for philanthropists and socializers. Monitoring preparedness is not only motivating for achievers and
players, but also to philanthropists and socializers. The same holds for levels for learning and increasing
awareness – these items additionally motivate socializers and philanthropists. Overall, the findings confirm
the underlying theoretically-founded conceptual approach to the design of our gamification model and
further support its suitability for application not only to the POWER DSPs but also to other structurally
comparable application domains (e.g. environmental issues in general). They also provide an empirical
contribution to current state-of-the-art in gamification research in uncovering the relationships between
specific types of gamified elements and the different motivational user types that can inform both further
research and the practical design and application of gamification.

5

Technical implementation on the DSP

The POWER DSP has been implemented by Baseform. A report of the complete implementation can be found
in deliverables 2.3 and 2.4. The DSP is formed by three components: HUB, PUB and MOB. HUB is used by the
administrators and content creators for each KDC, while PUB and MOB are the user interfaces for end-users:
MOB provides the user interface for mobile devices while PUB provides the user interface for Web access;
both MOB and PUB provide personal content to the logged-in user. HUB works as a Content Media Manager
that lets users, with different levels of access, to add content to platform targeting different KDCs. As part of
the content management, users with the proper levels of access can implement a different visualisation of
the gamification via an Application Programming Interface (API). The API provides the individual and
community scores of the user on the 9 dimensions described in Section 3 and the number of individuals that
form the community. The full documentation for the API is available online (Baseform, 2018).
This API has provided the basis for implementing the described gamification model in the POWER DSP.
Accordingly, within the DSP, the gamified elements and the visualisation dashboard can be integrated and
shown in four different places:
1. “My Progress” page for logged-in users.
2. Home page, at the top of the page, for logged-in users.
3. Home page, at the bottom of the page, for all users.
4. On the side bar of each issue page for all users. Logged-in users see the gamification described in this
document, other users see an empty chart.
This implementation gives the freedom to the users of the HUB to provide potentially different visualisation
according to the needs of the community.
This section describes the implementation of the gamification using the provided API for each of the different
places where the gamification is shown.

5.1 Accessing the API
The HUB provides four different points of access to the API to provide the visualisations. All the changes to
are done accessing the HUB at https://powerrails.baseform.com/. The API can be accessed in the text fields
that define the content for My Progress, Home Page Top, Home Page Bottom and Side Bar. In each of these
text fields, the API can be accessed using the “Tools” and then “Source Code” options. The code with the
visualisation that interacts with the API is then included in the page via an iframe. Figure 71 shows an example
of the sequence of actions to insert the iframe.
Below it is described how to access each of the particular sections where the visualisations can be changed.
The provided descriptions refer to those in English. The same sequence of actions has to be done for each of
the different languages for which the DSP is available for a particular DSP. That is, providing the visualisation
for the English version of one KDC, will not impact the visualisation of the Spanish version of the same KDC.
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Figure 71: Sequence to access the API to change the gamification visualization in the DSP using the
provided API. In this example is to change the visualization shown on the Home Page after the user logsin
5.1.1

My progress page

In the HUB, the option is provided in DSP Properties-> Text Properties. The version of the DSP, meaning the
corresponding city, must be selected from the top menu. The gamification can be accessed in the
“my_gamification_progress_overwrite (en)” field. The language of the gamification is provided by the
selected language of the platform. This change is for the whole DSP for the corresponding city.
5.1.2

Home page – top

In the HUB, the option is provided in DSP Properties-> Text Properties. The version of the DSP, meaning the
corresponding city, must be selected from the top menu. The gamification can be accessed in the
“home_chart_overwrite (en)” field. The language of the gamification is provided by the selected language of
the platform. This change is for the whole DSP for the corresponding city.
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Home page – bottom

In the HUB, the option is provided in DSP Properties-> Text Properties. The version of the DSP, meaning the
corresponding city, must be selected from the top menu. The gamification can be accessed in the
“community_score_overwrite (en):” field. The language of the gamification is provided by the selected
language of the platform. This change is for the whole DSP for the corresponding city.
5.1.4

Side bar for each issue

In the HUB, the option is provided in Challenges and then selecting the challenge. The version of the DSP,
meaning the corresponding city, must be selected from the top menu. The gamification can be accessed in
the “Gamification chart overwrite: (default is the gamification chart):” field. The language of the gamification
is provided by the selected language of the platform. This change only affects the edited issue.

5.2 Creating the visualization widgets
The different elements of the gamified visualization dashboard presented in in Section 3.3. are implemented
as widgets. Widgets are first created as standalone application on an independent website and then
embedded into the DSP using the data provided by connecting to the API hosted on the PowerClient
(available at Baseform (2018)). The Widgets were created using JavaScript with at least ES6 (ECMAScript
2015).
The code that creates the widgets is hosted on a webserver independent of the DSP. To have access to the
API, then it is necessary to get the values associated to the gamification by loading the JavaScript
/redesign_js/client.js, which is available for the DSP. This JavaScript only provides the data required data
when accessed from within the DSP. It is not possible to get any data by loading it directly from outside of it.
The HUB provides the space to inject the code, while the PUB and MOB provides the actual scores for the
logged-in user interacting with it. In Figure 72, it is shown the architecture of the DSP and its connecting
elements to the API and the widgets.

Figure 72: Architecture of the DSP including the API and connecting modules to the Visualisation Widgets

The webserver hosting the Widgets, then uses the information to:
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1. Calculate the different scores. For example, the total score is the sum of all 9 categories.
2. Based on the total number of points, award the corresponding awards or feedback multiplier.
3. Create the Widgets
In the PowerClient implementation, a Library provided by the POWER HUB is instantiated in an asynchronous
manner with JavaScript. This Library must to be deployed on a web server available on the Internet. The page
is then embedded into the DSP HUB with an iframe tag. The DSP HUB injects JavaScript code into the server
hosting the widgets and allowing the Library to pass the user data to our application.
After the PowerClient is ready, a JSON structure containing the user points and global data is available similar
to the one shown below:
{
"personal": {
"practical.knowledge": 0,
"problem.awareness": 0,
"ready.for.action": 0
},
"political": {
"practical.knowledge": 0,
"problem.awareness": 0,
"ready.for.action": 0
},
"social": {
"practical.knowledge": 0,
"problem.awareness": 0,
"ready.for.action": 0
}
}

Five different types of widgets were created: Circular progress, Power Bar, Power-Achievement-ProgressBar, Feedback Multiplier, and Community Preparedness.
5.2.1

Circular progress

Figure 73: Circular Widgets
Each circular progress was created with 3 layers of SVG data. The first layer describes the outer circle, the
second layer describes the progress, and the last layer includes the center image, the arrow, horizontal and
vertical lines. The complete figure is contained within a 140px by 140px square. The progress amount is then
controlled with JavaScript. Every 1,000 points a full circle is completed and an icon is lighted at the bottom
and clearing the circle again.

Page 92 of 133

D3.3 Report on the Gamification Model
30.11.2018

5.2.2

POWER
687809

Power bar

The available horizontal space was split in two sections, one with 34% percent of width for the title and
another of 66% for the bar. Each line in the progress bar equals 100 points, when reaching 1,000 points the
bar is filled and icon is lighted at the top and the bar is cleared again. The filling is achieved by changing the
width CSS value of a contained bar.

Figure 74: Power Bar Widget
5.2.3

Power-achievement-progress-bar

This bar indicates the amount of points left needed to complete an achievement. In this case, 3 different
badges can be achieved in total. The widget is designed in such a way that looks like one continuous progress
bar. In reality, 3 progress bars were created and each one is filled in the scales of the programed points. The
filling is achieved by changing the width CSS value of a contained bar inside of every segment.

Figure 75: Power-achievement-progress-bar widget
5.2.4

Feedback multiplier

The Feedback Multiplier widget is the simplest of all, depending on the number of points one of the possible
states are achieved: 1.5x, 2x, and 3x. Each of the state is tied to the number of points required to achieve
each badge on the Power-Achievement-Progress-Bar.

Figure 76: Feedback multiplier widget
5.2.5

Community preparedness

The Community Prepreadness widgets is the more complex than the previous ones. First, a Canvas of 500px
of height and the 100% of the total available of width in the screen is defined. Then the center of the canvas
is calculated. From this point, 11 circles are drawn, each one taking 1/11 of the height of the screen minus a
padding of 30% of the height. The two outers circles have a different style to indicate the limit the achiavable
points. Then 9 arrows are drawn from the center of the screen to to outside, each line is separated by 40
degrees. A 10 degrees offset is also added to achieve the style.
In order to draw the points, an array of 9 number is taken from the API (one for each category) and then
plotted into the graph. The height is calculated depending on the value of each number. It takes 1,000 points
to reach the line number 10 (the solid black line). If the value is greater than 1,000 a different scale is used.
The space between line number 10 and number 11 is divided between the numbers 1,000 and 1,000,000. If
the value is greater than 1,000,000 this is then capped and drawn at the line number 11.
The data for this Widget is also provided by the API, but instead of providing the values for the individual
user, it provides a JSON with the scores for the community.
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Figure 77: Community Preparedness Widget

5.2.6

Translations

The implementation also supports the different languages available for the DSP. The HUB offers access to the
challenges or platforms in different languages, it is thus necessary to provide a translated version of the
gamification. If no language is provided, then the gamification shown is from the English version when
available. Figure 78 shows an example of the Gamification Chart translated into Spanish.

Figure 78: Gamification Chart in Spanish in the DSP
Right to left languages are also supported. When selecting a right to left language such as Hebrew or Arabic
the content is then automatically updated. This was also done in the API implementation to match the
behavior of the rest of the DSP. An example of such behavior is shown in Figure 79.
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Figure 79: Example of the gamification translated into Hebrew to show support to right-to-left languages
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Conclusion

The gamification model that we developed and presented in this deliverable has been based on an extensive
literature analysis of gamified systems and applications, as well as theories of motivation and persuasion and
has been successfully implemented on the POWER DSPs. The developed model explores the ability of the
various gamified elements to motivate and enhance the user interaction with the POWER DSP. The
underlying assumption of the model is that different users are motivated by different motivational drivers,
and in order for the model to be successful in motivating users interact with the POWER DSPs, it has to include
a variety of gamification elements conducive to a wide variety of user groups. As such, the model that we
developed allows the users to track their knowledge acquisition process in different areas such as: personal
preparedness, personal impact, achievements and community preparedness. At the same time, it utilizes a
combination of various gamification elements, such as points, progress indicators, goal levels, comparison
mechanisms which have been shown to motivate diverse user types. In doing so, the developed design both
supports different perspectives (individual and community) and is multi-perspective in its very design: the
chosen combination of gamification elements and their specific design have aimed at providing gamified
elements that can address several different motivations at once. This has allowed us to effectively address a
range of different motivational drivers, without overwhelming the users.
The developed gamification model and its gamified visualization dashboard were evaluated with a broad
sample of 507 users. The results have shown that a large majority of users has been motivated by the overall
model and its design as well as by its individual design elements, to prepare themselves for the water issues
at hand. Overall, around three fourths of users strongly or rather agree that they are motivated by the
gamification model and would use the POWER DSPs to prepare themselves for water issues. As reported in
Section 4, for a number of specific aspects an even higher majority of participants reported a positive
motivational effect. Mainly the users are motivated by such elements that allow them to relate the online
interaction to their real-world problems, such as increasing awareness of the water issues and learning how
to prepare to address them.
We found that users are equally motivated by the gamified model, irrespective of the water issue it was
applied to: flooding, water saving, water reuse, or efficient water use. We also found that in all the
geographical communities in which the DSPs are implemented the users are well-motivated by the
gamification model and the gamified visualization. Specifically, United Kingdom, Spain, and other
geographical communities in the EU where the DSPs could be further transferred showed no substantial
differences in the motivation levels. Slight differences were apparent with the respondents from Israel: the
users from this community were on average even more highly motivated by the gamified visualization model
than others. Additionally, the analysis has found no real difference in the motivational effect between the
genders. This suggests that the developed gamification model is able to effectively motivate a broad
spectrum of users and is transferrable to many different water issues and geographical communities.
One of the underlying assumptions of our gamification model is the ability of each of the proposed gamified
elements to motivate a specific user type. In our sample of respondents, where such user types as
philanthropist, socialiser, player, achiever and free spirit are sufficiently represented, we found slight
differences as to how these user types perceive the various elements of our gamified model. We found that
socialisers and philanthropists are motivated by all gamified elements they are presented with, with a specific
accent on the ability to monitor community preparedness which is uniquely offered by the POWER DSPs. At
the same time, achievers tend to be motivated only by a subset of the elements, mainly relating to rewards,
goal levels and monitoring capabilities. The analysis of players and free spirits and the gamified elements
they are motivated by has also revealed some tentative relationships to specific elements.
Overall, we can conclude that our approach to developing the gamification model in a way that consciously
aims at addressing the different motivational user types and in choosing and designing the gamified elements
in a multi-perspective design that integrates different types of motivations has been successfully confirmed
as an effective approach. As such, the presented work and analysis offers both a theoretical and practical
contribution to the development of gamified systems for digital social platforms that address water
challenges in particular, with a potential for transfer to other societal challenges of a similar type (e.g. energy,
environment, sustainability in general).
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8 Appendix
8.1 Point matrix example
Points for each action are assigned based on their relative contribution to the different knowledge and impact
dimensions. The same scale of points is awarded to all participating KDCs.

Action

Problem Awareness
Individual

Social

Political

Know How
Individual

Social

Ready to Act
Political

Individual

Social

Political

Confirm Read a
section of an issue

50

40

40

0

0

0

0

0

0

Comment on an
article

0

20

0

50

40

50

30

40

20

(Tip) Respond to
the comment of
an article

0

20

0

50

40

50

30

40

20

Share the issue on
social media

0

20

20

0

20

20

0

50

20

Click on a Link

20

0

0

20

0

0

20

0

0

Like or dislike a
comment or tip

0

20

0

0

30

0

0

0

0

Willingness
to
attend an event

20

10

40

20

10

50

50

40

50

Follow an issue

50

10

0

50

10

0

50

20

0

Take a Survey

30

0

10

50

0

30

50

0

40

50

0

50

50

0

50

50

0

50

Download
document

a
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8.2 Survey questions about the four water community platforms19.
Q2 Leicester Water Community Portal20
Climate change is a real and growing threat to our world. As climate change worsens, the likelihood of
severe rain and flooding events is expected to rise. Flooding events can happen at any time. Floods can
damage your property and cause you financial losses. What can you do to be prepared for extreme
weather?
Leicester Water Community Portal is a non-profit project designed to increase awareness about water
issues such as flooding. Leicester Water Community is a collaborative online platform that allows you to
become better prepared for flooding and help Leicester become a safer and a more flood prepared city. For
example, by exploring the platform you can check if your property is at risk from flooding or learn what
supplies to put in your flood kit.
Q3 Scenario
To motivate people to take part in the portal, we developed a "My Progress" page that allows to track the
progress on the way to become more flood prepared. In the following we would like to test the usability of
this page with you. The feedback that you give us will be valuable to develop the portal further.

19

- the questions presented apply to Leicester Water Community Platform. The questions were specifically tailored to
each water community and the water issue that this community mainly targets: Leicester - flooding, Milton Keynes water saving, in Jerusalem – water conservation and in Sabadell – water reuse.
20

*Milton Keynes Water Community Portal
Water scarcity is often considered to be a problem in developing countries, but did you know it could become scarce
in the UK? The annual average rainfall in Milton Keynes is far below the nation's average. Although it seems to rain
often, Milton Keynes is one of the driest areas in the UK and groundwater is a precious commodity. What can you do
to save water in Milton Keynes?
Milton Keynes Water Community Portal is a non-profit project designed to increase awareness about water scarcity
in Milton Keynes. It is a collaborative online platform that allows you to become better prepared to save water and
help Milton Keynes use less water. For example, by exploring the platform you can check water scarcity in Milton
Keynes vs. other cities in the world as well as learn how to save water.
**Sabadell Water Community Portal
To solve the current challenges in water management, such as scarce resources, climate change and the need to
preserve ecosystems, it is necessary to implement new solutions that have a global vision of the integral water cycle.
In this context, Sabadell - a city in Catalonia, Spain - initiated a water reuse project in order to create new, more
efficient, reliable and sustainable water resources.
Sabadell Water Community Portal is a non-profit project designed to increase citizen participation to reuse water.
It is a collaborative online platform that allows you to become better prepared to reuse water and help Sabadell
increase the use of non-potable water. For example, by exploring the platform you can check water quality in the city
or learn how to reuse non-potable water.
***Jerusalem Water Community Portal
Private gardens and public lawns are the green lung of any city. How can we maintain them without using too much
water? For example, we can do so by proper irrigation, planting vegetation with low water consumption and use of
plants that can be irrigated with marginal water.
Jerusalem Water Community Portal is a non-profit project designed to increase citizen participation to help the city
become greener and use water more efficiently. It is a collaborative online platform that allows you to become better
prepared to conserve water and help Jerusalem use water efficiently in the city. For example, by exploring the
platform you can check water quality in the city, learn how to save water or participate in one of the city's community
gardens.
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For this test we would like to ask you to imagine that you are a citizen of Leicester who is using the
Leicester Water Community platform. Your goal is to become better prepared for flooding yourself and
help Leicester community feel safer.21
Q4 My Progress Page
By learning about how to prepare for flooding and participating in the Leicester Water Community
platform you collect points which allow you to track your progress and achievements in various areas on
the "My Progress" Page.
Below you find a screenshot of a “My progress” page that depicts a variety of areas where you can
track your progress by getting points. The ultimate goal is to collect enough points to achieve the
preparedness level of an “Flood Warden Achievement”. You do not need to study it now in detail. We
will do so one by one in the next sections.

21

*Milton Keynes Water Community: For this test we would like to ask you to imagine that you are a citizen of Milton
Keynes who is using the Milton Keynes Water Community platform. Your goal is to become better prepared to save
water and to help Milton Keynes consume less water.
**Sabadell Water Community Platform: For this test we would like to ask you to imagine that you are a citizen of
Sabadell who is using the Sabadell Water Community platform. Your goal is to become better prepared to reuse
water and help Sabadell increase the use of non-potable water.
***Jerusalem Water Community Platform: For this test we would like to ask you to imagine that you are a citizen of
Jerusalem who is using the Jerusalem Water Community platform. Your goal is to become better prepared to
conserve water and help Jerusalem use water efficiently in the city.
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Q7 Section 1. Personal Preparedness.
Imagine you are a Leicester Water Community Citizen and it is the second time you log in to the portal. You
already have some points. Here is a screenshot of the “My progress” page depicting “Personal
Preparedness” section at this time. After viewing the picture and reading the text, please answer the
question below.

22

Q8 Please indicate whether these statements are either true or false.
Looking at the personal preparedness section, I can conclude that:

22

- Please note that this screenshot is the one for Leicester Water Community, the screenshots for other communities
were identical, only the context of the explanation text was adjusted.
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TRUE (11)

FALSE (12)

My level of know-how is higher
than my level of problem
awareness.

o

o

Overall, my problem awareness
and readiness to act can still be
improved.

o

o

My level of readiness to act is
higher than my know-how.

o

o

Q10 Now please view a short video below that illustrates a possible interaction on the Leicester Water
Community platform. Please devote your entire attention to the video. You will be asked to answer
questions after it.
(HERE A VIDEO WAS INSERTED)
If you cannot view this video in your browser, you can also do so on YouTube albeit of a lower quality.
Please open the video in a new window to stay in the survey. 23
Q11 What elements on the “My progress” page have increased after reading the article “Do you know your
flood risk?” Please choose all options that apply in your opinion.

▢
▢
▢
▢
▢

My score in Awareness
My score in Know-how
My score in Ready to act
My total score
I don’t know

23

- Video for Leicester can be viewed on YouTube: https://youtu.be/s8U35WKZ390, Milton Keynes:
https://youtu.be/u5KoI4DS1ZA, Sabadell: https://youtu.be/CmWxSUdeqKY, Jerusalem:
https://youtu.be/Ew37SEH1NyU
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Q12 Why do you think your scores in “Awareness”, “Know-how” and “Ready to act” categories of
Personal Preparedness have increased? Choose one answer option.

o Because I read the article
o Because I shared the article on Facebook
o Because I posted a comment
o I don’t know
Q13 Evaluating Personal Preparedness Section. Now that you understand “personal preparedness”,
please evaluate this section.
Disclaimer: please evaluate this section as if you were a citizen of Leicester Water Community.
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Q15 To what extent would you be motivated by “Personal preparedness” section to prepare yourself for
flooding24?
Choose one answer option from this list






Very demotivated
Rather demotivated
Neither demotivated nor motivated
Rather motivated
Very motivated

Q16 Please indicate to what extent you agree with the following statements
Strongly
Disagree (1)

Rather
Disagree (2)

Neither
disagree nor
agree (3)

“Personal
preparedness”
section
effectively
shows my
progress on
the way to
prepare myself
for flooding

o

o

o

o

o

I find the
“personal
preparedness”
section useful
to understand
how prepared
I am for
flooding

o

o

o

o

o

Understanding
“personal
preparedness”
section is easy
for me

o

o

o

o

o

“Personal
preparedness”
section is clear
to me.

o

o

o

o

o

Rather Agree
(4)

Strongly Agree
(8)

Q18 Section 2. Personal Impact.
Here is a screenshot of the “My progress” page depicting “Personal Impact” section after you have read
the article "Do you know your flood risk?". After viewing the picture and reading the text, please answer

24

- Jerusalem: to conserve water, Sabadell: to reuse water, Milton Keynes: to save water
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the question below.

Q19 Please indicate whether these statements are either true or false.
Looking at the "Personal Impact" section, I can conclude that:
TRUE (11)

FALSE (12)

My level of individual impact is
higher than my level of social
impact.

o

o

My level of social impact can be
improved.

o

o

My level of political impact is
higher than my level of
individual impact.

o

o

Q20 Now please view a short video below that illustrates another possible interaction on the Leicester
Water Community platform with the same article “Do you know your flood risk?”. Please devote your
entire attention to the video. You will be asked to answer questions after it.
(HERE A VIDEO WAS INSERTED)
If you cannot view this video in your browser, you can also do so on YouTube albeit of a lower quality.
Please open the video in a new window to stay in the survey. 25

25

- Videos can be viewed on YouTube. For Leicester: https://youtu.be/lPUKrqe9VmQ, Jerusalem:
https://youtu.be/xfZyro6ffDs, Milton Keynes: https://youtu.be/ft1Q9NeCdic, Sabadell: https://youtu.be/v2jYOzGnd2I
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Q21 What elements on the “My progress” page have increased after sharing the article “Do you know
your flood risk?” Please choose all options that apply in your opinion.

▢
▢
▢
▢
▢
▢
▢
▢

My score in Awareness
My score in Know-how
My score in Ready to act
My score in Individual Impact
My score in Social Impact
My score in Political Impact
My total score
I don’t know

Q22 Why do you think your score in Social Impact category has increased after sharing the article "Do
you know your flood risk?" Choose one answer option.

o Because now my Facebook friends can also get to know their flood risk
o Because now I know my flood risk
o I don’t know
Q24 Evaluating Personal Impact Section. Now that you understand “personal impact”, please evaluate
this section. We provide a screenshot from the video you saw on the previous page for your reference.
Disclaimer: please evaluate this section as if you were a citizen of Leicester Water Community.

Q25 To what extent would you be motivated by “Personal impact” section to prepare yourself for
flooding?
Choose one answer option from this list
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Very demotivated
Rather demotivated
Neither demotivated nor motivated
Rather motivated
Very motivated

Q26 Please indicate to what extent you agree with the following statements
Strongly
Disagree (1)

Rather
Disagree (2)

Neither
disagree nor
agree (3)

“Personal
impact”
section
effectively
shows how my
actions on the
portal impact
my social and
political
environment

o

o

o

o

o

I find “Personal
impact”
section useful

o

o

o

o

o

Understanding
“personal
impact”
section is easy
for me

o

o

o

o

o

“Personal
impact”
section is clear
to me.

o

o

o

o

o

Rather Agree
(4)

Strongly Agree
(8)

Q27 Section 3. Flood Warden Achievement. Here is a screenshot of the “my progress” page depicting
“Flood warden achievement” section after reading and sharing the article “Do you know your flood risk”.
After viewing the picture and reading the text, please answer the question below.
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Q28 Please indicate whether these statements are either true or false.
After exploring the "Flood Warden Achievement" section, I can conclude that:
TRUE

FALSE

I am Beginner Flood Warden

o

o

If I participate more I will soon
be Intermediate Flood Warden

o

o

Q56 Evaluating Flood Warden Achievement. Now that you understand “Water Issue achievement”,
please evaluate this section. Disclaimer: please evaluate this section as if you were a citizen of Leicester
Water Community.
Q34 To what extent would you be motivated by “Flood Warden Achievement” section to prepare
yourself for flooding?
Choose one answer option from this list






Very demotivated
Rather demotivated
Neither demotivated nor motivated
Rather motivated
Very motivated
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Q35 Please indicate to what extent you agree with the following statements
Strongly
Disagree (1)

Rather
Disagree (2)

Neither
disagree nor
agree (3)

Once I get a new
“Flood Warden”
badge, I would
feel that I have
achieved
something
important.

o

o

o

o

o

Collecting “Flood
Warden” badges
would give me a
sense of
accomplishment.

o

o

o

o

o

Understanding
“Flood Warden
Achievement”
section is easy for
me.

o

o

o

o

o

“Flood Warden
Achievement”
section is clear to
me.

o

o

o

o

o

Rather Agree
(4)

Strongly Agree
(8)

Q36 Section 4. Community Preparedness. Here is a screenshot of the “my progress” page depicting the
“Community Preparedness and Impact” section after reading and sharing the article “Do you know your
flood risk”. After viewing the picture and reading the text, please answer the question below.
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Q37 Please indicate whether these statements are either true or false.
After exploring the "Community Preparedness" section, I can conclude that: 26
TRUE (11)

FALSE (12)

Overall, my community is on
average better prepared for
flooding than I am

o

o

Overall, I am quite prepared for
flooding

o

o

Overall, my community is quite
prepared for flooding

o

o

Q57 Evaluating Community Preparedness. Now that you understand “community preparedness and
impact”, please evaluate this section. Disclaimer: please evaluate this section as if you were a citizen of
Leicester Water Community.

26

- for the other communities a slightly different set of questions was asked, as we noticed that the questions could
be interpreted in different ways. Here are the questions that were asked in Jerusalem, Sabadell and Milton Keynes:
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Q38 To what extent would you be motivated by “Community Preparedness” section to help you and
your community to become prepared for flooding?
Choose one answer option from this list

TRUE (11)
Overall, my community is on
average better prepared to reuse
water than I am
My individual awareness is higher
than that of the community.
My individual readiness to act is
higher than that of the community.

FALSE (12)

o

o

o
o

o
o
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 Very demotivated
 Rather demotivated
 Neither demotivated nor motivated
 Rather motivated
 Very motivated
Q39 Please indicate to what extent you agree with the following statements
Strongly
Disagree (1)

Rather
Disagree (2)

Neither
disagree nor
agree (3)

“Community
preparedness”
section
effectively
shows how
prepared I am
for flooding
compared to
an average
community
member

o

o

o

o

o

I find the
“community
preparedness”
section useful
to understand
how prepared
my community
is for flooding

o

o

o

o

o

Understanding
“community
preparedness”
section is easy
for me

o

o

o

o

o

“Community
preparedness”
section is clear
to me.

o

o

o

o

o

Rather Agree
(4)

Strongly Agree
(8)

Q40 The questions below relate to the “My Progress” page overall. Here we provide the final screenshot
of this page for your reference.
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Q42 How do you evaluate the “My Progress” page overall? Please choose one answer option for each of
the categories.
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2 (2)

o
o
o
o
o

3 (3)

o
o
o
o
o

4 (4)

o
o
o
o
o

5 (5)

o
o
o
o
o

o
o
o
o
o

Creative
Exciting
Easy
Clear
Practical

Q41 Please indicate to what extent you agree with the following statements
Strongly
Disagree (1)

Rather
Disagree (2)

Neither
disagree nor
agree (4)

“My Progress”
page is useful
to understand
how prepared
I am for
flooding

o

o

o

o

o

“My Progress”
page allows
me to track my
progress
towards the
goal of
becoming
prepared for
flooding

o

o

o

o

o

“My progress”
page is easy to
understand

o

o

o

o

o

“My progress”
page is clear to
me.

o

o

o

o

o

Rather Agree
(6)

Strongly agree
(7)
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Q43 What do you like about the “My progress” Page on the Leicester Water Community Platform?
Please write at least two full sentences.
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
Q44 What do you dislike about the “My progress” Page on the Leicester Water Community Platform?
Please write at least two full sentences.
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________

Q50 Now please answer the questions relating to the overall experience on Leicester Water Community
Platform.
Q45 How motivated would you be to use the Leicester Water Community platform? Please choose one
answer option

o Very demotivated
o Rather demotivated
o Neither demotivated nor motivated
o Rather motivated
o Very motivated
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Q46 I feel motivated to use the Leicester Community platform, because I can:
Please choose one answer option for each of the statements below
Strongly
Disagree (1)

Rather
Disagree (2)

Neither
disagree nor
agree (3)

Receive “Flood
Warden” badges
for collecting
points

o

o

o

o

o

Get points by
reading articles

o

o

o

o

o

Monitor how my
flood
preparedness
increases

o

o

o

o

o

Learn how to
prepare myself
for the case of
flooding

o

o

o

o

o

Help my
community
become well
prepared for
flooding

o

o

o

o

o

Increase my
awareness of
flood issues

o

o

o

o

o

See how well
prepared I am
compared to an
average
community
member

o

o

o

o

o

Rather Agree
(4)

Strongly Agree
(5)

Q47 Please indicate to what extent you agree with the following statements
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Using this platform, ...

Strongly
disagree (1)

Rather
disagree (2)

Neither
disagree nor
agree (3)

Rather agree
(4)

...makes me
prepared in
case
something
unforeseen
will happen

o

o

o

o

o

...makes me
feel calm and
safe

o

o

o

o

o

...improves my
safety and
security

o

o

o

o

o

...makes me
feel safe for
the future

o

o

o

o

o

...does not
violate my
principles

o

o

o

o

o

...is consistent
with my ideals
and opinions

o

o

o

o

o

...gives me a
good
conscience

o

o

o

o

o

Strongly agree
(5)
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Q49 Please indicate to what extent you agree with the following statements
Strongly
disagree

Rather
disagree

Neither
disagree nor
agree

Rather agree

Strongly agree

I find the
Leicester Water
Community
platform useful.

o

o

o

o

o

Learning how to
use the Leicester
Water
Community
platform is easy
for me.

o

o

o

o

o

My interaction
with the
Leicester Water
Community
platform is clear
and
understandable.

o

o

o

o

o
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Q58 Please choose one answer option for each of these statements.
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Somewhat
disagree
(3)

Neither
agree nor
disagree
(4)

Somewhat
agree (5)

Agree (6)

Strongly
agree (7)

It makes me
happy if I am
able to help
others

o

o

o

o

o

o

o

I like helping
others to
orient
themselves
in new
situations

o

o

o

o

o

o

o

I like sharing
my
knowledge

o

o

o

o

o

o

o

The wellbeing of
others is
important to
me

o

o

o

o

o

o

o

Interacting
with others
is important
to me

o

o

o

o

o

o

o

I like being
part of a
team

o

o

o

o

o

o

o

It is
important to
me to feel
that I am
part of a
community

o

o

o

o

o

o

o

I enjoy group
activities

o

o

o

o

o

o

o

It is
important to
me to follow
my own path

o

o

o

o

o

o

o
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I often let
my curiosity
guide me

o

o

o

o

o

o

o

I like to try
new things

o

o

o

o

o

o

o

Being
independent
is important
to me

o

o

o

o

o

o

o

I like
defeating
obstacles

o

o

o

o

o

o

o

It is
important to
me to
always carry
out my tasks
completely

o

o

o

o

o

o

o

It is difficult
for me to let
go of a
problem
before I
have found a
solution

o

o

o

o

o

o

o

I like
mastering
difficult
tasks

o

o

o

o

o

o

o

I like to
provoke

o

o

o

o

o

o

o

I like to
question the
status quo

o

o

o

o

o

o

o

I see myself
as a rebel

o

o

o

o

o

o

o

I dislike
following
rules

o

o

o

o

o

o

o
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I like
competitions
where a
prize can be
won

o

o

o

o

o

o

o

Rewards are
a great way
to motivate
me

o

o

o

o

o

o

o

Return of
investment
is important
to me

o

o

o

o

o

o

o

If the reward
is sufficient, I
will put in
the effort

o

o

o

o

o

o

o

Q52 Where are you from?
▼ Austria (1) ... United Kingdom (UK) (31)

Q53 How old are you?
▼ below 18 years old (1) ... I'd rather not say (11)

Q54 What is your highest level of completed education?
▼ Middle School (1) ... None of these (9)

Q55 Your feedback (Optional)
We would appreciate any remarks, suggestions, or other thoughts about the HIT, or the XXX Water
Community Page.
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
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8.3 The description of the task on Amazon Mechanical Turk.
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8.4 User evaluations of the understandability of the gamified visualization
dashboard
Evaluation of understandability of the personal preparedness section of the gamified visualization
dashboard.
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Evaluation of understandability of the personal impact section of the gamified visualization dashboard.
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Evaluation of understandability of the achievements section of the gamified visualization dashboard.
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Evaluation of understandability of the community preparedness section of the gamified visualization
dashboard.
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