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BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

EXECUTIVE SUMMARY

The Beaconing project will provide different learning scenarios supported by different technologies
for teaching and learning in an inclusive society. There is an explicit focus on skills, competencies,
strategies, learning outcomes and learning disabilities closely related to 215 century.

Thisdocumentincludes the design of aframework for problem-based learning, which will encapsulate
the mechanics of different learning models for different learning environments. An extensive
literature reviewon pervasive,gamified and problem-based learning has been included to support the
proposed Beaconing Taxonomy on which the different play-lesson scenarios are based on.

The main goal of thisdocumentisto describe the mechanics and dynamics of the framework that will
support the different learning scenarios and the rationale behind this model with planning support
and lesson instructions. The pedagogical approach and the play-lesson scenarios described in this
document will inform the UX and gamification designin Task 3.4, the technical specificationsin Task
3.5and the gamified lessonplanintegrationinTask 4.7. This framework reflects a holisticand modular
approach that combines learning, games and technological specifications, which will be further,
refined and updatedinaniterative and incremental manner.

Thisis a live document that will be updated throughout the duration of the BEACONING project to
include specificelements for the play-learn scenarios (measures, technologies, minigames, etc.) based
on the updated analysis from the requirements (T3.1) and inventories (T3.2), UX and gamification
specification (T3.4, T4.7), technical requirements (T3.5), the evaluation results of the small scale pilots
(WP5), and specifically before the large scale testing (WP6) takes place. The design and development
of the different learning scenarios will be fed into the BEACONING interface to support the
foundational, metaand humanisticknowledge of the 21°* century learning.

BEACONING Page 7 of 63
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1 INTRODUCTION

1.1 ROLE OF THIS DELIVERABLE IN THE PROJECT

The Beaconing project willsupportthe learning designand specification of a platform that will provide
various gamified learning scenarios and activities based on STEM subjects and closely related to 21
Century learning objectives. In particular, this deliverable aims at three objectives, and explicitactions
have beentakentoachieve them:

1. An extensive review and analysis of problem-based learning and how the different leaming
approachescan be combined with the fast technology development to supportteachingand
learninginthe 21°* century;

2. Development of a framework that encapsulates different learning models for different
learning environments;

3. A proposed Beaconing Taxonomy to be used by teachers for creating play-lesson scenarios;

4. The outcomes of this deliverable will be used in other technical work packages to ensure a
learner centricdesign and development.

1.2 APPROACH

The aim of this documentisto create a framework and propose a taxonomy that can be used by the
Beaconing Consortium to create and share play-lesson scenariosand activities based on problem-
based learning and STEM subjects. This document has been prepared following specific guidelines
describedinthe Beaconing DoA and has beenimproved through:

1. Literaturereview on pervasive, gamified and problem-based learning;

2. Literature review on gamification and mini games usedinlearningand education;

3. Play-lesson path missions and quests design session during the Beaconing workshop in
Barcelona;

4. Play-lesson path and scenarios (the backbone) session during the Beaconing workshop in
Porto;

5. Technical and pedagogical requirements meeting at Coventry University;

6. Various brainstorming sessions among Coventry University team, the technical partners and
the pilot partners.

1.3 STRUCTURE OF THIS DOCUMENT
The deliverable is structured as follows:

Section 2 gives an extensive analysis and literature review on pervasive, gamified and problem-based
learning.

Section 3 presents the methods behind the proposed Beaconing Taxonomy and includes the
pedagogy, learning requirements, game mechanics and dynamics.

Section 4 describes in detail the Beaconing Taxonomy with its specific categories such as
skills/competencies, learning objectives, time allocation, participants, places of interest,
tools/resources, evidence, incentive rewards, location-based technologies and mini games.

Section 5 presents the instructions of how the Beaconing Taxonomy can be used by teachers to create
gamified lesson plans based on specificcontext and learning objectives.

Section 6 presents two play-lesson scenarios provided by Beaconing partners (ORT and HWU) that will
be used in small scale pilots. These two scenarios tackle different learning objectives and have been
select to show the variety of the play-lesson scenarios the Beaconing platform can support. The

BEACONING Page 8 of 63
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scenario on Basic AlgebraicSkills provided by ORT tries to address the alge braicdifficulties that high
school studentsface, whereas the stonemasonry scenario by HWU focuses on vocational training. The
rest of the play-lesson scenarios (provided by other Beaconing partners) are presented in the

Appendix.
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2 LITERATURE REVIEW

The Beaconing platform will facilitate, assess and author contextualised, pervasive and gamified
learning activitieswith the digital activities located in the physical world. Its pedagogical foundation is
the problem-based learning, and the learners are placed in the centre of the learning process. The
Beaconing platform will underpin new commercial opportunities and immersive ways of teaching,
learning and assessmentand thus, it should follow the newlearning methodologies and technological
advances.

2.1 PERVASIVE LEARNING

The relationship between learning, its context and the technologies thereof, has been acentral issue
since the beginning of modern research in education (Vygotskij’s, 1978). The rise and diffusion of
digital technologies gave newmeaningto this debate, through the generationof a new kind of spaces
where communities of learners as discussed by Lave and Wenger (1991), could emerge and
experiment withconstructivist learning approaches.This tendency could only explode with the rise of
pervasive computing technologies, as in this ubiquitous media ecology, learning is transformed into
an immersive experience, providing innovative opportunities and avenues for education to explore
connections between life and learning as discussed by Beetham etal. (2007), which suggests that we
move beyond simplistic, delivery oriented e-learning toward learnerfocused, accessible activities.

Dan Pontefract (2013) defined pervasive learning as “learning at the speed of need through formal,
informal and social learning modalities” (See Figure 1).

It is easier today than ever before to find
Pervasive Learning information on any topic online, and
learning has become seamless and
“anytime anywhere”, but also fragmented
and contested (Shuib et al., 2015). Given
this environment, more and more attention
should be given, within formal education
Moo institutions, toward acknowledging and
L Pervasive T giving value toinformal and social learning.

43
4
‘ Qo wearing

Tontaanies

(e o Learning

i This social, informal aspect of learning is

emphasizedby Ito etal. (2015), who discuss
the relevance for educational research,
taking into account the various spaces and
practices of learning in informal youth
communities, their ethos of “doing it
together”, and the correlated opportunities
Figure 1- Pervasive Learning (Dan Pontefract, 2013) ~ forpedagogical research to obtain insightin
the 21%t Century learning processes.

Virtui (lsstoom

Acknowledging theinformal, playful nature of today’slearners’ activities, and the specificapplications
of pervasive learning promoted by the Beaconing platform, pervasive learning will necessarily cross
over pervasive gaming (Montola et al., 2009). In this book, the authors theorise the opportunities
brought on by games’ expansion on a special, temporal, and social level to explore the boundaries
between life, learning and play.
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2.2 GAMIFIED LEARNING

“Gamification” is a term coined in 2002 by programmer Nick Pelling and defined as “applying game-
like accelerateduserinterface design to make electronictransactions both enjoyableand fast”. It was
not until 2010 that it became widespread, when Bunchball (2010) defined it as “integrating game
dynamics into your site, service, community, content or campaign, in order to drive participation”.
Other definitions include “the process of engaging people and changing behavior with game design,
loyalty, and behavioral economics” (Zichermann, 2011), “the use of game design elementsin non-
game contexts” (Deterding et al., 2011) and “the craft of deriving all the fun and addicting elements
foundingamesand applyingthemto real-world or productive activities” (Yu-Kai Chou, 2012).

|Il

The American game designer Jane McGonigal (2011) argues that advancing a “gameful” mindset in
the real world can produce effective and measurable change, leaningon modern research in positive
psychology to promote games as an integral factor which contribute to human happiness, motivation,
meaning and community development. Despite being “the public face of gamification”, McGonical
distanced herself from the denomination (favouring the notion of “gameful” design) and its then
emerging negative connotations. With more and more scientific research and data complicating the
field after the initial (marketing oriented) enthusiasms, gamification is a contested field of studies
which raises objections from three main directions; efficacy, ethical acceptability and techno-
determinism.

The first objection is addressed by Hamari and Koivisto (2014) in a review of empirical studies,
highlighting both the basicfact that gamification canindeed work, and the methodological issuesthat
persistin many studies (most of which underestimate theimpact of social and organizational context),
and that need to be addressed by future research. The second objectionis articulated in much depth
by Walz and Deterding (2015), who discuss the accusations of manipulation by inquiringthe roots of
enjoyment we draw from games and highlighting how “good” gamification (just like good games)
emphasizes the intrinsichuman motivation toward competence, autonomy and relatedness.

The third objectionis addressed by Arnab and Clarke (2016) who propose a holistic model for gamified
and pervasive learning design, highlighting the necessity to shift the focus away from current strong
overemphasis on technology in the field, and move it toward prioritizing the value of context,
pedagogy and basicgame design.

Moving beyond the specific field of gamification to expound the diversity of points of view and
approaches to the relationship between gaming and learning, Whitton (2014) proposes a wide
spectrum review of the perspectives on the role of digital games in education, discussing four main
perspectives to categorise research and practices in the field, and their respective constructions of
games; games as active learning environments, games as motivational tools, games as playgrounds,
games as learning technologies. Throughout her review, Whitton contrasts behaviorist and
constructivist learning approaches, underlining how games can be a paradigm of constructivist
learning and promote the development of capacityfor synthesis, creativity, teamwork, evaluation and
critical thinking, which are hard to foster under traditional learning institutions’ structures and
resistantto standardized formal assessment.

Finally, collating data, reflection and evidence from literature, and widening the possibilities of play
and games for a wider societal impact, Stewart et al. (2013) reported a multifaceted picture of how
the “meaningful play” can be employed to promote equity and societal progress.

2.3 PROBLEM-BASED LEARNING

Savin-Baden (2000) defined problem-based learning as “an approach to learningthatis characterized
by flexibility and diversity in the sense that it can be implementedin a variety of ways in and across
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different subjects and disciplines in diverse contexts. As such it can therefore look very different to
different people at different moments in time depending on the staff and students involved in the
programs utilizes it. However, what will be similar will be the focus of learning around problem
scenarios ratherthan discrete subjects”.

Barrows and Tamblyn (1980) identified a problem-based learning model that has the following
characteristics:

e Complex, realworld situations that have no right answer are the organizing focus for learning;

e Students work in teams to confront the problem, to identify learning gaps, and to develop
viable solutions;

e Studentsgain newinformationthrough self-directed learning;

e Staffact as facilitators;

e Problemsleadtothe development of problem-solving capabilities.

Conway and Little (2000) suggested that problem-based learning should be used either as an
instructional strategy or as a curriculum design. Learners should focus at one problem at a time and
this problem will guide the learning process. The maintypes of problem-based learning are the pure
model and the hybrid model. In pure model the whole curriculumis problem-based and there are no
lectures ortutorials only small teams of learners, whilein hybrid model there are some fixed lectures
or tutorials only for supporting learners. The Beaconing project explores a hybrid problem-based
learning approach using a range of blended learning techniques and classroom-based teaching
methods. Extending the learning experience beyond the classroom settings and complementing
existing methods of teaching, learners will acquire the needed skills for STEM careers such as
cooperative working, integration of information, critical thinking and communication skills (Dolmans
et al., 2005). Using the Beaconing platform, learners will work in interdisciplinary groups bringing
togethertheirscientificinquiryskills, developing arange of employability skills and investigating open-
ended real-world problems.

Problem-based learningis usedin variousdisciplines; medicine, engineering, architecture, economics,
educational administration, social work and so on. The problems/scenarios are the starting point and
centre of learning which enablelearners to becomeindependentinquirers, while knowledge becomes
a flexible entity and assessment triggers learners’ inquiries.

When problem-based learning is used in online platforms, pedagogy becomes collaborative, which
focuses on team-led discourse, team’s capabilities, knowledge and understanding. Learners working
togetheronline, betteridentify theirown learning needs and skills and thus they work collaboratively
and effectively to solve or manage the problems. Learners can work either in real-time or
asynchronously but the online platform should support some essential synchronous collaboration
tools such as chat, shared whiteboards, video conferencing and group browsing (Savin-Baden, 2007).

The Beaconing’s pedagogical foundation is the problem-based learning, in which activelearningis the
centre and learners have to work with different tools and resources in order to solve problems
(quests). In the Beaconing platform, teachers will initiate the problems/quests in the system and
learners through self-directed and independent study will set their objectives and goals for solving
these problems. The problem-based quests can be either classroom-based activities or after school
assignments/homework. This approach encourages learners to share and discuss the acquired
knowledge and skills with the Beaconing community, and also promoteslearners’ engagement with
learning in general; gamified lesson plans with quests that learners try to solve in contextualised
settings. Appropriate problems will increase learners’ knowledge and understanding, and promote
theirinterestin STEM subjects.
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3 METHODS

The Beaconing project focuses on problem-based learning for STEM (Science, Technology, Engineering
and Mathematics) subjects and should map the learning objectives and activities to purposeful play
and game mechanics. Different pedagogical approaches will be integrated to support anytime
anywhere learning for all learners, while the introduction of the current learning requirements will
prepare learnersforlivingand workinginthe 215t century. Adding game mechanics and dynamics to
the Beaconing platform will support the various gamified lesson plans.

3.1 PEDAGOGY

The Beaconing platform will adopt various pedagogical approachesthat will test the level of anytime
anywhere learning during the small and large scale pilots. The Beaconing project focuses on STEM
subjects and cross-subject approach. This focusis wellembedded into problem-basedlearning, which
is one of the best exemplars of a constructivism learning approach which promotes contextualized
learning within real world problem solving and applications. In other words, the Beaconing project
adopts a learner-centric approach that situates learners at the core of the learning experience, and
amplifies their role in the process of filtering and connecting concepts framed under practical,
investigative and exploratory scenarios. Essentially the Beaconing project serves as a source of
‘puzzlements’ (Wilson, 1996, p. 13) or challengesthat are seen as stimulating learning that is taking
place beyond the barriersof space and time. Thisfits well withthe purpose of the project as described
in the DoA which is to examine novel ICTs in multiple ways that merge learning acquired in formal,
non-formal and informal means.

The Beaconing’s focal point is an active learner who interacts with a variety of resources and tools,
developing his or her own understanding through a mixture of experimentation and guidance. The
Beaconing project highlights the importance of the collaboration and communication among learners,
and alsothe development of learning scenarios that will draw on game-basedapproaches for learning.
Thus, the Beaconing platform will be developed as a learning environment where the end-users (e.g.
teachers) can design learning activities that are underpinned by playful approaches to learning. In
addition to this, the platform combines resources such as mini-games, tools for open-ended, linear or
non-linear investigations with tools that enable communicationand collaboration among learners,
along with toolsthat will provide analytics and guidanceto the learners for theirachievements. When
analytics are included in the pedagogical activity, teachers can get a better insight regarding their
learners’ progress and achievements.

Amongthe main propositions of constructivist approachestolearningisthat one’s understanding of
the world lies in his/her interactions with the environment, and what is learnt cannot be viewed in
isolation of how it is learnt. The Beaconing projectis in line with this proposition asit will emphasize
learning both as a product and a process, hence it will track and provide rewards not only for the
outcomes butalso for the process under which these outcomes were achieved.

Focusing on constructivist approaches for learning, Savery and Duffy (2001) outline eight prindples
that can guide the practice of teaching and the design of learning environments. These principles
provide a good foundation to describe the Consortium’s pedagogic approach that is an essential
boundto problem-based learning.

For Finkle and Torp (1995) problem-based learningis "a curriculum development and instructional
system that simultaneously develops both problem solving strategies and disciplinary knowledge
bases and skills by placing students in the active role of problem-solver confronted with an ill-
structured problem that mirrors real-world problems.” It is clear that the focus is on organizing the
curricular contentaround problem scenarios. Learners work to solve or manage these situations but
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for Savin-Baden (2000) “they are not expected to acquire a predetermined series of right answers”.
Instead learners are expected to engage with the complex situation presented to them and decide
what information they need to absorb and what skills they need to gain in order to manage the
situation effectively. Drawing on this, the learning activities in the Beaconing platform will be framed
within a larger task or a wider problem which will be situated in the real world. The connections
between the individual activities/quests in relationto the larger task/problem will be made explicit to
the learners to create a purpose for learning that goes beyond the individual tasks and beyond the
confined walls of aclassroom, and to enable the participants to performmore effectively in our world.

The Beaconing platform will provide clear goals to learners regarding the learning activities they
should complete. However, itis acknowledged that, whatand how islearnedis largely dependent on
the individual's motivation and expectations, past knowledge, experiences, interests and beliefs (Falk
& Dierking, 2000). To align the goals of the activities with the learners’ experiences, the development
of the Beaconing platform should be based on a range of methods that focus on participatory
approaches to learning. Essentially this strategy will define a domain and then work closely with the
stakeholders (e.g. teachers, learners) to co-design and co-develop meaningful problems or tasks
within that domain. An alternative way would be to frame a challenge/problem in such a way that

learners willengage with and adoptittotheirown needsand interests, and eventually take ownership
of that.

The design of the activitiesis important not only for framing the problem but also for ‘authenticating’
the experiences we are creating for our learners. During this process the role of the teacher is
highlighted, as s/he will be essentially the one to design the experiences and challenge the learners,
not by telling the learners what to do or how to do it, but to coach and mentor them through their
explorations. The ultimate goal should not be the replication of assessment or activities that are
classroom-bound (e.g. memorise atext) but rather to engage learnersin various scientificdiscourses
and problem solving (Savery & Duffy, p.4). Teachers should promote reflective thinking throughout
the learning process, because through this active and reflective thinking process, learners become
responsible for their own learning. Embedded learning analytics in the Beaconing platform provide
the teachers with the tools to support reflection on boththe contentlearnedand the learning process.

The Beaconing project puts the emphasis on problem-based learning approaches as this
implementation and combination with game-based approaches will provide richer and more
innovative opportunities forlearning. Problem-based learningis seen as helping“people to leam how
to learnand to linklearning with theirown interests and motivations” (Savin-Baden, 2000, p. 5).

3.2 LEARNING REQUIREMENTS

The Beaconing framework aims to contextualize the teaching and learning process, connecting
problem-based mechanics, STEMsubjects and 215 century learning requirements.Itis important that
learners develop the knowledge needed for success within this context, and these skills should be
taught through interdisciplinary content. These skills are usually covered by the existing curricula in
most countries and are combined with themes such as creative thinking, personal responsibility and
expressive skills. 21t century skills are usually organized into four main categories; ways of thinking
(e.g. creativity, innovation, critical thinking, problem-solving), ways of working (e.g. communication
and collaboration),tools for working (e.g. digital literacy) and living in the world(e.g. citizenship, social
responsibility, awareness). According to Wagner (2014), the 215 century learner needs seven skills;
critical thinking and problem solving, collaboration and leadership, agility and entrepreneurialism,
effective oral and written communication, accessing and analyzing information, and curiosity and
imagination. Through Beaconing framework, learning will be reshaped to better match the needs of
the 215 century knowledge and open societies, and learners will become lifelong learners who are
responsible, advanced critical-thinkers, cultural aware, flexible and able to adapt to changes. The
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Beaconing project will provide the missing connection between STEM subjects and real-world
applications using problem-based learning, and learners willacquire the required STEM, thinking and
communication skills that are sought out by employers all overthe world.

Core Content
Knowiedge
Digital/ICT Cross-disciplinary
Literacy Knowledpe
2ist Century
Learning

Creativity &

Life/job Inmovation

Sklls

Problem Solving &
Critical Thinking

Ethical/ Emotional
Awarensss

Communication &

Cultural Coilaboration

Competence

Figure 2 - Beaconing for 21st century learning requirements

3.3 MECHANICS

“Games are a particular manifestation of play, not its totality. They happento be a good starting point

foraninvestigation of play because the formality of their rules makes the machinery of play easier to
observe and analyse” (Upton, 2015). Hence, games are a means by which play can be observed more
objectively, leading to purposeful and meaningful engagement and measurement of learning
outcomes. In a game situation, the main learning objectives (high-level) can be interpreted and
developed through game mechanics (low-level).

Marc LeBlanc and his colleagues (2003) defined game mechanics as “the rules and concepts that
formally specify the game-as-system”. Game mechanics are usually connected with the game
interface as they enable players to move the game’s elements, and operate the game system by
specifying the processes that affect particular game states. Game mechanics are a synthesis of
elementsthat connect behavioral elements (e.g. players and context) to systemicelements, and they
define and regulate rules and performances in order for the game systemto be functional.

The Beaconing platform should map the various pedagogical approaches to game mechanics (e.g.
quests, leaderboards, goals, levels, badges and so on) and specify how the overall Beaconing
ecosystemworks and behaves when learners interact with the mini games and gamified activities. The
Beaconing platform should identify and emphasize the pedagogical and game features, define their
interrelations and include them in the learning activities. A major challenge for this project is to
translate the learning objectives into mechanic elements of gameplay, maintaining at the same time
the balance between fun and education. Lim et al. (2013) proposed a Learning Mechanics — Game
Mechanics (LM — GM) mechanicmodel evaluated by Arnab et al. (2015) (see Figure 3) which reflects
onthe various pedagogical and game elements, and tries to map pedagogy, learningand game design
patterns. This model includes predefined game mechanics and pedagogical elements extracted from
literature on game studies and learning theories.

The Beaconing platform will use this LM-GM model to translate and implement the high-level
pedagogical requirements into low-level game mechanics, especially in the gamification design (Task
3.4) and gamified lesson plan integration (Task 4.7). The Serious Game Mechanic included in this
model is defined as “the design decision that concretely realizes the transition of a learning
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practice/goal into a mechanical element of game-play forthe sole purpose of playand fun” and acts
as the link between pedagogical practices (learning mechanics) and game mechanics. LM — GM’s
learning mechanics include various aspects such as objectives, methods, tasks and activities that

construct a lesson plan.

[_ Learning Meachanics _] m [__ Gamse Mechanics ]
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[ CHirsaiwa Ny ] [ Feadback ] u [ Pavlovian Interactions ] [ Clestions & Answers |
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[ Plamn I [ Reflect [/ Chsciss ] 5 [ Strategy f Flanning ] [Ilﬂl.-u-lu e Managenent J
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[ Collaboratiomn ]
L._J [ Lot ]

Figure 3 - The LM - GM mapping framework (Lim at al., 2013)

3.4 DYNAMICS

The learning and pedagogical requirements should be correlated with game mechanics and dynamics
in order to maintain a balance between the entertainment and serious learning objectives. This
approach usually requires an iterative, incremental and user-centric focus (Arnab and Clarke, 2016).
Dynamics create aesthetic experiences and can encourage specific behaviors, skills and abilities, or
promote learners’ needs, goals and objectives during the gameplay.

Marc LeBlanc(2003) defined game dynamics as “the run-time behavior of the game-as-system” while
Jarvinen defined them as “a pattern or process of change, growth, or activity” (Jarvinen, 2008).
Dynamics are the different processes thatimpact the states of the game during the gameplay (i.e.how
the state diagram changes when the game system s operated).

Hunicke, LeBlanc and Zubek (2004) developed the MDA (‘Mechanics, Dynamics and Aesthetics’)
framework which is a formal attempt to bridge the gap between game developers and player
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experience, and also to enable everybody included in the game development cycle to better
understand game designs and artifacts. The MDA framework formalizes games into three distinct
components which are then translated into theirrespective design counterparts (see Figure 4).

Rules —— System — “Fun”

Mechanics —® Dynamics —» Aesthetics

Figure 4 - MDA Framework (Hunicke et al., 2004)

e Mechanics are the particular game components at the level of data representation and
algorithms;

e Dynamics refers to the run-time behavior of the mechanics acting on player inputs and
outputs overtime;

e Aestheticsisthe desirable emotional responsesevokedin the player, when s/heinteracts with
the game system.

Mechanics focus on players’ action, whereas dynamics focus on the overall game operation, for
example how a player moves from one state to another during the gameplay. Games are dynamic
systems that change states during gameplay, and mini games operate as subsystems where their
dynamics are dependent on the overall game system. Dynamics include game elements, characters,
game mechanics which allow and enable players to move these elements and characters, rule sets
that define how the components are arranged and managed, the game environment and information
about the different game states. Dynamics also define how players interact with their environment
and with others, and how they are organized in relation to others; individuals, pairs, groups.

In the Beaconing platform, the game mechanics and dynamics will be dependent on the specific
learning objectives and pedagogical perspectives of the learning processes and activities to support
the gamified lessonplans. The game mechanics and dynamics would provide teachers with the option
to pause the gamified activity to give more time tolearners fordiscussions and constructive debates.
Various important aspects define a learning activity such as lesson plan, curriculum, co-curriculum,
non- and in-formal learning, and learners’ needs. Mapping out lesson plans with associated learning
objectives (e.g. what skills to apply, what knowledge to assess) will definethe content and context of
the learning objectives covered in the formal education curriculum. The next step according to the
DoA is the gameful design where the learning mechanics and dynamics will be mapped against the
game mechanics and dynamics to guide the userinterface design, pervasive engagementand gamified
lesson plans. The Beaconing platform will link together formal, non formal and informal activities
represented by missions and quests, and dependent on specificlearning objectives.
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4 TAXONOMY

The aim of the Beaconing Taxonomy is to enable the Consortiumto create and share gamified lesson
plans over a common framework. The proposed Taxonomy reflects and focuses on the 215 Century
learning requirements according to the Beaconing DoA, and merges problem-based mechanics and
interdisciplinary context with an emphasis on STEM subjects. This Taxonomy includes specific
categories (e.g. skills/competencies, learning objectives, time frame, evidence, location-based
technologies, mini games and so on) that can help teachers to design contextualized and gamified
lesson plans for STEM subjects.

STEM education focuseson the skills neededforlearners’ progress and developmentin anincreasingly
science and technology driven world. These skillswillenable learners to pursue a careerin STEMfields,
includinglearning of STEM contentand practices. There isa need toincrease the number of learners,
especiallywomen, who study STEM-related degrees. Itisalsoimportantthat all learners have access
to equal and same learning opportunities, in particular those with disabilities or at risk of leaving
education early with no more than lowersecondary education.

Informed and rational decision makingin 215t century requires a certain level of scientificknowledge
and STEM literacy. This refers to the knowledge and understanding of scientificand mathematical
concepts and processesrequired for personal decision making, participation in civicand public affairs,
and economicproductivityforall learners (National Research Council, 1996). Studying STEM or STEM-
related subjects will prepare learners to become active citizens and contributors in a science and
technology driven world.

The Consortium highlights the need that young people should be encouraged to remain in education
and therefore different opportunities should be provided in order for them to enter the higher
education and the job market. The Beaconing project recognizes the importance of having specific
learning objectives promoted by gamified lessonplans,wherelearningis delivered in formal, informal
and non-formal context breaking the barriers of space and time.

4.1 SKILLS/COMPETENCIES

The Consortium defines STEM competenciesas the set of cognitive knowledge, skills, and abilities that
are associated with the STEM disciplines. The Consortium pursues a growing interest in these
competencies andskills needed for STEM disciplines. The proposed Taxonomy (Figure 5) reflects this
interest by covering important STEM competencies that were identified and evaluated by reviewing
existing frameworks applied in education (European Parliament & Council of Europe, 2006; National
Research Council, 2008; Binkley, 2010).

In the development of the proposed Taxonomy our aim was to focus on the key competencies for
STEM (as defined by frameworks, reports, databases,employers, etc.) and the universal competencies
both for STEM and non-STEMdisciplinesin alighment with the Beaconing DoA.

Different frameworkshave been developed to address skills needed for life and career success by the
Assessment and Teaching of 21°t Century Skills (ATC21S, http://www.atc21s.org/) and Partnerships for
21t Century Skills (P21, http://www.p21.org/). These frameworks normally involve a blend of content
knowledge, specific skills, expertise and literacies. In the framework proposed by P21, every 21+
century skills implementationrequires the development of core academic subject knowledge and
understanding. Skills such as critical thinking, problem solving, communication and collaboration are
also considered essential.
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Moreover, ATC21S proposes a model for assessments based on an analysis of the curriculum and
assessment frameworks forthe 215 Century Skills which are developed worldwide (Binkley etal.2010).
Tenimportantskills were identified, divided into four main categories:

1. Ways of Thinking (e.g. creativity and innovation, critical thinking, problem solving, decision
making, learningto learn, meta-cognition);

2. Ways of Working (e.g. communication, collaboration);

3. Toolsfor Working (e.g. information literacy, ICT literacy);

4. Livinginthe World (e.g. citizenship, life and career, personal and social responsibility).

Inaddition tothis, the National Research Council organized a series of workshops to address this topic
and defined a set of five broad skills: adaptability, complex communication and social skills, non-
routine problem solving, self-management and self-development, and system thinking (Koenig
Anderson, 2011).

Jang (2015), through a systematic review of skills and competencies, identified five domains of skills
specifically based on STEM disciplines. Jang mapped those skills against a framework developed by
Katz and Kahn (1978) and identified five key competencies:

1. Problem solving skills (descriptors: critical thinking, complex problem solving, knowledge of
mathematics, skills of science, analyzinginformation and creative thinking);

2. Social communicationskills(descriptors: speaking, coordination, knowledge of customers and
personal service, developing and building teams);

3. Technology and engineering skills (descriptors: programming, processing information,
practical application of disciplinary knowledge);

4. Systemskills (descriptors: monitoring processes, judging quality, management);

5. Time, resource, knowledge managementskills.

The review of the existing frameworks, as described in the previous paragraphs, indicates that
competencies related to problem solving and social and communication skills are the most common
ones, whilst cognitive skillsand disciplinary knowledge are also considered essential.

Allthese STEMand non-STEM competencies should be includedin the Beaconing frameworkin order
Beaconing learners to acquire the required knowledge and skills beyond Science, Technology,
Engineering and Mathematics.

It is expected that the proposed Beaconing Taxonomy will enable users of the Beaconing Authoring
Tool to create scenarios with associated missions and quests, and link these scenarios to specific
competencies and skills to show learners’ progression at specific level. Even though the Beaconing
platform focuses on learners’ technical skills and knowledge, it is also important that learners can
apply these skillsinapurposeful way. Working through a number of challenges, learners will acquire
knowledge and understandingin areas otherthan STEM and thus, develop skills needed for bridging
the gap between STEMeducation and skills.

4.2 LEARNING OBJECTIVES

Accordingto the British Department for Education (http://www.gov.uk) a high-quality science-based
education will provide learners with the fundamental knowledge for understanding the world through
the disciplines of biology, chemistry and physics. Learners should be taught the methods, processes
and uses of science, and through a foundational understanding they should familiarize themselves
with the natural phenomena, being capable of explaining what is happening and analyzing the causes.

Studying science-based subjects, learners will:
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1. Develop scientific knowledge and conceptual understanding through the specific disciplines
of biology, chemistry and physics;

2. Develop understanding of the nature, processes and methods of science through different
types of science enquiries that help them to answer scientific questions about the world
around them;

3. Be equippedwiththe scientificknowledge required to understand the usesand implications

of science, today and forthe future;

Use science process and thinking skills;

Manifest science interests and attitudes;

Communicate effectively using science language and reasoning;

Demonstrate awareness of the social and historical aspects of science.

No v,

Studying science triggers learners to observe over time, seek patterns, identify, classify and group,
compare and test (controlled investigations), and research using secondary resources.

The technological achievements and advancements have changed and continue to change the way
peoplelive, and employers are looking forindividuals who possess a high level of technical skills. The
exponential growth of information technology and the continuing need for maintaining the systems
and improving the network security, require well-educated and qualified individuals who understand
the latest developments in technology. It is important therefore the school curriculum to reflect the
latestintechnology.

Through technology-based subjects, learners will:

Demonstrate an understanding of emerging classroom technologies;

Demonstrate knowledge, attitudes and skills of digital age work and learning;

Plan, design and assess effectivelearning environments and experiences;
Implementcurriculummethods and strategies that use technologyto maximize theirlearning;
Applytechnology tofacilitate a variety of assessment and evaluation strategies;

Understand the social, ethical and legal issues surrounding technology;

Facilitate instruction in the new literacies that emerge within digital interactive learning
environments.

NoukswnNR

Technology and engineering may be challenging and not the easiest subjects to study but they are
alwaysin demand. An engineering-based education will provide learners with various technical skills
applicable to industry such as problem solving, decision making, innovation and communication.
Learners will acquire the appropriate knowledge fora rapidly changingtechnological world. There is
a high demand for well-qualified and skilled learners who can be employed in sectors such as green
engineering (to increase energy efficiency and develop other sustainable resources), safety and
security (both for physical defenses and cyberwar fares), high performance engineering (for car and
airspace industry) and medical engineering (develop new healthcare technologies and create
advanced robots to help forexample elderly people).

An engineering-based education willenablelearners to:

1. Selectandapply appropriate mathematical methodsfor modelling and analyzing engineering
problems;

2. Use scientificprinciplesinthe development of engineering solutions to practical problems;

3. Use scientificprinciplesinthe modelling and analysis of engineering systems, processes and
products;

4. Select and apply appropriate computer based methods for modelling and analyzing
engineering problems and the ability to assess the limitations of particular cases;

5. Analyze systems, processes and components requiring engineering solutions;
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6. Create new processes or products through the synthesis of ideas from a wide range of
sources;
7. Applyandadapt design methodologies in unfamiliar situations.

Mathematicsis a creative and cross-disciplined subject that provides solutions to the most challenging
problems. Mathematicsis essentialand necessary foreveryday life, economy, employability, science,
engineering and technology. A mathematics-based education will provide learners with a solid
understanding of theworld and the ability to reason mathematicallyand critically (British Department
for Education, http://www.gov.uk). Studying mathematics, learners will acquire an articulating
knowledge to solve complex problems and will develop critical thinking, enquiry, argument and
justification.

A mathematics-based education will enablelearners to:

1. Developfluentknowledge, skills and understanding of mathematical methods and concepts;

2. Acquire, selectand apply mathematical techniques to solve problems;

3. Reason mathematically, make deductions and inferences and draw conclusions;

4. Comprehend, interpret and communicate mathematical informationin a variety of forms
appropriate tothe information and context.

Learners should be able to:

1. Use and applystandard techniquesto:
e Accuratelyrecall facts, terminology and definitions;
e Use and interpret notation correctly;
e Accurately carry out routine procedures or set tasks requiring multi-step solutions.
2. Reason,interpretand communicate mathematically to:
e Make deductions, inferences and draw conclusions from mathematicalinformation;
e Construct chains of reasoningto achieve agiven result;
e Interpretand communicate information accurately;
e Presentargumentsand proofs;
e Assess the validity of an argument and critically evaluate a given way of presenting
information.
3. Solve problems within mathematics and other contexts to:
e Translate problemsin mathematical or non-mathematical contextsintoa process or
a series of mathematical processes;
e Make and use connections between different parts of mathematics;
e Interpretresultsinthe context of the given problem;
e Evaluate methodsusedandresults obtained;
e Evaluate solutions to identify how they may have been affected by assumptions
made.

4.3 TIME ALLOCATION

Eventhereisahighvariabilityin the educationalapproachesin Europe,schoolsusually have legal and
statutory requirementsforthe timeallocated to subjects. Governments determine the time allocation
for school programs in the STEM learning areas and subjects and the Beaconing platform should
supportthe recommendedcurriculum time allocations for the implementation of the gamifiedlesson
plans. Beaconing will provide gamified lesson plans for learners to effectively acquire the needed
knowledge both inside and outside of the classroom. Before teachers plan theirlessons and allocate
the specifictime forthose, they should identify the specificlearning objectives. Then, based on these
learning objectives, teachers can design appropriate activities with missions and quests that should
be accomplished within certain learning time (estimated and specified by teachers).
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4.4 PARTICIPANTS

The Beaconing platform allows teachers to choose whether their students will work individually, in
pairs, in small groups or as a whole group. The variation between these options will promote the
effectiveness of the gamified activities. When students work on an individual level (e.g. reading,
solving problems or case studies), they can demonstrate theirideas, views and arguments. Individual
activities enable students to work on theirown pace and feel comfortable and confident about their
knowledge and skills, and to progress through their preferred learning style. Students interact more
with each other whenthey work in pairs or small groups as they can discuss, compare theiranswers
and mark each other’s tasks. Working as a whole group is best for review discussions, role-play tasks
and formal debates. At group level learners learn from one another, while the learners’ team skills,

socialization and professional networking are improved. Homeworkis shared and thus the work load
isdecreased.

4.5 PLACES OF INTEREST

The gamified learningactivities can be undertaken within aformal setting (e.g. classroom, school) and
they can be expended to non-formal and informal setting (e.g. co-curricular, local community, home).
Learners will have both individual and collaborative tasks to solve, from classroom-based activities
and afterschool assignment/homework to workplace internships.

The gamified activities can take place:

1. School (e.g.classroom, lab, ICTroom);
2. Home;
3. Outandabout (e.g. park, museum, zoo, science centers).

ndoor play-learn Outdoor play-lear
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Figure 5 - Beaconing conceptual ecosystem

4.6 TOOLS/RESOURCES

The Beaconing platform will provide various tools and resources to help learners complete their
activities. These tools will encourage learners to getinvolved in the gamified activitiesin an easier and
more engaging way. The platform should provide a range of resources for game-based learning in
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STEM topics. Online tools should allow learners to create videos or presentations for the classroom
that can be shared amonglearners. Games and exercises available for computers, mobile devicesand
tablets will also help teachers to easilyassess and track learners’ progress. Learners should be able to
capture photographs and recordings, keep them organized and access them anywhere.

4.7 EVIDENCE

The Beaconing platform will be designed to be flexible toward assessment as there are many
particularities and differences in education across Europe; differences in curricula, legal and
pedagogical frameworks that drive assessment, levels of education, age and individual needs of
learners including those with disabilities. The Beaconing platform should merge formal, non-formal
and informal learning practices and communities.

Therefore, itisimportantthat all Beaconing-supported assessment frameworks and practices should
be flexibly adapted to specific contexts and learners, taking into account the individual, cultural and
curricular needs and contexts. Teachers should be supported to link the gamified activities (both
digital and non-digital) with evidence for specific disciplinary fields, established competence
frameworks and well-defined levelsof proficiency. The evidencethatlearners should provide for their
assessment will be linked with specific weights/measures that will be different for each gamified
activity as the level of difficulty for each activity will be different. These measures will be then linked
with the assessment framework to assign the learners’ level of progress.

The Beaconing platform should enable learners to upload to the social/discussion platform a variety
of evidence formats, such as photos, commentaries, presentations or simple multimedia artefacts
(photographs, blog posts, notes, diaries, spreadsheets, videos, demos, prototypes). These evidences
will be then submitted for peerreview and discussion, orfor a traditional and formal grading system
undertaken by teachers. Promoting the use of the social/discussion platform will encourage the
informal feedback and evaluation from the community asa whole.

4.8 INCENTIVES/REWARDS

During the learning process teachers use different strategies and techniques to encourage and
promote appropriate behaviors for positive learning outcomes. In every level of education, leamers
are usually categorized as intrinsically or extrinsically motivated. Learners who are intrinsically
motivated have a desire for learning and in-depth knowledge, whereas extrinsically motivated
learners are usually gravitated towards rewards and prizes. Motivation (both internal and extemal
factors) stimulates learners to be continually interested and committed to study and learn, and to
make an effortto retain theirgoals over time. Even though teachers promote intrinsicmotivation to
learners, there are cases when someform of stimulus or extra motivationis required in order leamers
to engage withthe learning process and educational activities.

Incentives and rewards (usually in tangible form) give to learners a sense of achievement when they
successfully complete a task, challenge or mission. Tangible rewards help learners to behave
appropriately and develop reasons to complete their homework. Learners can earn rewards in
different areas such as homework, extra curricular activities or even behavior. The prospect of an
immediatereward encourages learners to try harderand perform better, whileastudy [1] argues that
rewards empower learners to demonstrateall of their abilities and capabilities, somethingthat would
not happen without an extrinsic motivation. The recentyears, a great emphasis has been given only
on positive incentives and rewards (rather than on punishmentsor sanctions), which fosters learners’
attention, concentration and engagement.

But, there are teachers, who believe and argue that rewards undervalue learning, produce short-term
changesand serve as motivators onlyif learners want to. Rewards are seen as bribe s, which are used
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to control and influence appropriate behaviors. Rewards could lose their power over time and not
positively influence learners’ behavior, as they do not really promote deeper or meta-level learning.
Rewards should be simple, frequently provided, adaptable to learners’ needs and preferences, and
they shouldn’tunderminelearners’ intrinsicmotivation forlearningand education.

Recent research focuses on ways in which gamified learning environments can intrinsically motivate
learners by nurturing their curiosity, encouraging exploration and providing support. Such gamified
learning environments provide effective motivators forlearning that maintainlearners’ attentionand
interest, and learners become active participants and decision makers. Different incentive
mechanisms are introduced to the learning environments to promote the learners’ engagement and
influencetheirbehavior (learners become more willing and able to adapt their behavior).

The Beaconingreward system will be designedin such a way to motivate learners by recognizing their
effort and hard work. Integrating features such as leaderboards, achievements, milestones and
certifications, learningand education will become more engaging and interactive than the traditional
paper-based educational system. Learners will be awarded points for working hard, vouchers, badges
for completing tasks set by teachers, certificates which show the individual achievements, stickers,
freebies which acknowledge progress, passesto zoo/museum/aquarium which encourage outside of
the classroom activities,and so on. Teachers should apply the correct rewards in each specificleaming
contextand the rewards should be used indifferent ways tolead learnersto change.

The Beaconing platform will provide different mechanics for stronglearners’ motivation, engagement
and effective learning. Through storytelling, rewards, choices, competition/collaboration, feedback,
learner-centered pedagogy and extended learning beyond the classroom, learners will be e ngaged
and preparedforlifelonglearning.

4.9 LOCATION-BASED TECHNOLOGIES

The Beaconing platform will integrate and advance various internet technologies such as mobile
communications, location-based and context-aware systems, and cloud technology. A great e mphasis
is given on location-based technologies that can be widely used in digital games for taking “place in
the physical world, concurrently with the normal activities of players’ everyday lives”
(http://thelastweblog.com/20111222/whats-the-best-definition-of-pervasive-gaming/).  Location-
based games with different play-learn activities will be applied to informal learning settings to support
problem-based learning. Communication systemsand Wi-Fi will support the data flowfor both indoor
and outdoor communication to the platform. When learners are within a specific location, Beacons
will actas a trigger for context-aware systems, and then relevantinformation with learning resources
such as tips or challenges, and gamified activities will be displayed on learners’ mobile device. Beacons
are usually accompanied with a user-friendly mobile application and can be installed on any
smartphone, tablet, room, building, electronicwhiteboard and so on.

4.10 MINI GAMES

The Beaconing platform will exploit pedagogy-driven game techniques such as digital games and
gamification to provide an adaptive and personalized digital learning ecosystem. Game -based
approaches are extensively used to engage young learnerswith education and training as they appeal
to all ages and genres. Digital games based on problem-based learning can improve learners’
performance, achievements, motivation and satisfaction. A type of mini game that can be included in
the Beaconing platformis forinstance, the “whack amole” game (Maynes-Aminzade et al., 2002). This
simple type of game invests in long-term memory that can be extracted quickly without conscious
effort and can be used for example in Mathematics. The “strategy-builder” games (Selten, 1990)
usually support any type of data flow and can challenge learners to build different structures and
comprehend the impact of eachindividual action. “Puzzle” games (Walkerand James, 1999) test the
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learners’ problem-solving skills such as logic, pattern recognition, sequence solving and word
completion. Puzzle games focus on logical and conceptual challenges, and support intellectual
mechanics for comparative intellectual process. “Clever-talk” games (Weibull, 1997) encourage the
dialogue and debate between two or more people. “Simulation” games (Ahdoot, 1999) simulate real
life situations and are used for various purposes such as training, analysis or learning exercises. With
“game trees” (Baxteretal., 1999) learners can explore various learning possibilitiesand opportunities,
while in “adventure” games (Moser, 1997) learners are the protagonists in an interactive story with
challenges, exploration and problem-solving.
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Figure 6 - Beaconing Taxonomy




5 FRAMEWORK

The Beaconing Authoring Tool is the teacher’s first interaction with the Beaconing platform. This
proposed framework is a guideline and paper-based tool which will inform the design and
development of the Beaconing Authoring Tool. This framework has been designedto support teachers
in designinglocation-based and gamified learning activities both for complementing classroom-based
education and fostering learning outside the usual, formal contexts. The Beaconing Authoring Tool
will provide ashared framework for assessment and discussion, and willalso promote the creation of
communities both for teachersand learners to supportthe design and evaluation of new challenges
and activities. The Authoring Tool will provide a repository of fully structured gamified lesson plans
accompanied with missions and quests that can be used by teachers as they are, and also guidelines
of how these lesson plans can be adapted to specificneeds. Teachers can always create new gamified
lesson plans using this tool.

5.1 INSTRUCTIONS

The Beaconing Taxonomy (see Figure 6) is the core of this framework created with the aim to help
teachersincreatingtheirgamified lesson plans based on specificcontext and learning objectives. The
Taxonomy includes ten categories with self-contained drop-down menus, labelled and classified
appropriately for ease of navigation and choice. Each category will be dragged and dropped in the
teachers’ working environment for creating easily new activities. Teachers can also propose new
options/categories to be included inthe Beaconing Authoring Tool.

e Skills/Competencies: The Beaconing competency framework focuses on trans-discipline
STEM subjects and tries to connect them withother domains that are essential for competent
and contextualised real-world developments (communication/expression, social/civic,
autonomy/initiative, meta-competencies). The competency framework will have three levels
of proficiency (basic, advancedand mastery) and will be linked to a simple game Taxonomyto
help teachers select the most appropriate activities (mini games or real-world gamified
activities) forspecificlearning objectives.

Examples: Logicalreasoning, teamwork, planning, critical thinking

e Learning Objectives: The learning objectives willfocuson a more specificand disciplinarylevel
similar to skills/competencies, but their aim would be to link the Beaconing activities to
particular aspects and levels of proficiency within the STEM domains. Specific
weights/measures will be mapped against the learning objectives based on the specific
curriculum thatthese objectives will support.

Examples: Science communication, mathematical modelling, technology application

e Time: The Beaconing Authoring Tool enables teachersto define an appropriate timescale for
activities, which may be extended beyond the space and time of formal classroom settings,
and thus new opportunities for more engaging and playful formsof homework may arise (e.g.
flipped classroom). The Beaconing platformsupports flexible timescales, ranging from a single
session within the school settings (2 hours) to much longer periods for more complicated
lesson plans (1 month), taking under consideration the individuallearner’s needs.

Examples: 10 minutes, 1 hour, 1 week, 1 month
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e Participants: Beaconing’s objective is to extend the learning experience and involve in that
leaners, teachers and/or parents. Depending on the gamifiedlesson plan context, learners will
engage with people outside the formal school settings.

Examples: parents, classmates, local craftsman, members of the city council

e Location: Locationis dependent on the requirements of each individual gamified lessonplan.
The Beaconing Authoring Tool supports different options for in- and out-of-school activities
and teachers will the ones who define the locations.

Examples: classroom, laboratory, city centre, town square

e Tools/Resources: Foreach gamified play lesson, different toolsand resourceswill be available
to learners. These tools may be explicitly needed and be available only within the school or
college settings, ormay only be a support.

Examples: cellphones, microscope, pen and paper, instructionalvideos

e Evidence:Evidenceis closely connected to teachers’ feedback and peerreview. The Beaconing
mini games will be supported by an automated feedback whichwill quantify and score spedific
tasks. More complex gamified activities that are extended around real-world activities cannot
be supported by an automatic feedback. A different kind of evidence will be needed, for
example uploading a photograph or screenshot to the Beaconing platform which will certify
activity completion and will be evaluated and discussed by teachers or classmates.

Examples: completed mini games, 10 photos, video presentation, interview

e Rewards: Rewards are the highlevel feedback that will link the individual gamified activities
to the overarching narrative and meta-game experience.The Beaconing platform will provide
pointsand collectablessuch as virtual objectsfoundin the game environmentor badges when
a specific activity is completed. High scores and/or achievements may be connected to real-
world prizes.

Examples: 100 Beaconing points, top score badges, pass forlocal google branch visit

e Location-Based Technologies: Beaconing’s objective to break the traditional limits of leaming
spaces emphasizes technologies that link learning to real contexts. New technological tools
should be supported by Beaconing platform to contextualise and ground learning.

Examples: GPS, beacons, “virtualbeacons”, QR codes

e Mini Games: Mini games are linked to skills/competencies and learning objectives (with four
levels of mechanical and dynamical complexity: reflex games, puzzle/quiz, strategy and
conversation) and give an indication of how games can be used by teachers to provide a
gameful experience.

Examples: quiz, puzzle, live action role playing game
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5.2 ASSESSMENT FRAMEWORK

The assessment framework (Figure 7) represents the learner’s progress and how s/he can move from
one mission to another based on the Triadic Game Design (Harteveld, 2011) and the Triadic
Certification approach (Baptista et al., 2015). Each mission includes different quests and in order for
the learner to progress, s/he needs to obtain different skills/competencies in different quest levels.
These skills/competencies are obtained when the learner completes a specific quest and achieves a
particular score (e.g. completes a quiz, a specific level in a mini game or reading a specific chapter).
The level of completion is based on the scores in quizzes, mini games or assessments, the points
earned andthe time taken forthe completion. Each skill/competency has specific weights/measures
that will be defined by teachers and we numbertheseweightsfrom0Oto 1 (i.e. 0.1xs1+0.2xs2+0.7
x s3), and they should accumulate to a score of 1 in orderto secure a balance between the different
skills/competencies. The criteria that would determine how these scores are achieved will be based
onspecificmeasuresforthe particular skill/competency and quests. Some skills/competencies can be
obtained when the learner only completes one quest, whereas others to be obtained, the learner
should completedifferent questsin different missions. Figure 7 presents a simple example of how the
criteriaare usedin orderforaquesttobe completed (s2is obtained 100% when the learner completes
the quest 2 (Q2) in mission 2 (M2) whereas sl is obtained 100% when the learner fully completes
quest1(Ql), quest2(Q2)and quest3(Q3)in mission1(M1)). The differentlevels of quests will ensure
the learner’s progression towards knowledge acquisition and mastery. This framework will be the
basis for further development for Task 4.6 on learning semantics and analytics based on measures
defined forthe learning plan, dynamics and process, including the technical and game development.

Figure 7— Assessment Framework (based on Triadic Certification approach (Baptista et al., 2015))

From Figure 7 specific weights/measures are missing, but teachers will define these
weights/measures, as each mission/quest will have its distinct weights/measures. The same logic will
be applied to the learning objectives, resources, mini games and so on, in order to break down the
scenarios into specific and more detailed elements. These elements will be unpicked and the
specification of the scenarios will be updated based on further engagement with the teachers from
the pilot sites. The mapping of the scenarios with the mini games, resources and technologies are
being carried out in Task 3.4 and Task 4.7. The specification for the lesson plan will be updated
accordinglyinan iterative and incremental manner.
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6 SCENARIOS

The Consortium pilot partners provided example scenarios based on the proposed play-lesson path
and missiontemplateand have been mapped against the proposed Taxonomy (see Figure 6) and the
assessment framework (see Figure 7). Each scenario has been adapted to the particular needs of each
pilot (either small or large scale). The specific measures and sub-measures of each quest will be
specified later based on further engagement with the teachers from the pilot sites. All the scenarios
will be modified and updated accordingly after discussing them with the teachers and will be reflected
on furtherwork as they will possibly link to activities in Task 3.4, Task 3.5 and Task 4.7. The scenarios
presented below tackle differentlearning objectives and have been selectto show the variety of the
play-lesson scenarios the Beaconing platform can support. The scenario on Basic Algebraic Skills
provided by ORTtries to address the algebraicdifficulties that high school students face, whereas the
stonemasonry scenario by HWU focuses on vocational training. The rest of the scenarios are
presentedinthe Appendix.

The example scenarios are:

=

Basic Algebraic Skills —ORT (pilotsin France and Greece)
Stonemasonry —HWU (pilotsin UK)

Digital Literacy — ORT (pilotsin France and Greece)

Physics —SIVECO (pilotsin Romania)

Chemistry applied to Environmental Health—IMA (pilotsin Italy)
Organisingand Distributing Data— SEBIT (pilotsin Turkey)
Energy Management—COVUNI (pilotsin UK)

Graph Theory and Tessellation —COVUNI (pilotsin UK)

Basic Geometry Skills —SIVECO (pilots in Romania)

10 Water Management—COVUNI (pilotsin UK)

©CENOUA®WN

6.1 PROPOSED PLAY-LESSON PATH AND MISSION TEMPLATE

A. Domain / Area / Subject

Choose from the icons one of the four main subject areas (e.g. Science, Technology, Mathemabics, Enginesring).

B. Tapic

Choose a mora specific lopic that best fils your leaching objective (e.g. Digital Literacy, Chemistry, Geometry, aic.).
C. Age Group / Key Stage / Year / Background

Indicate the age groupdeducational stagevbackgrouwnd of your students (e.g. high schoal, math freshmen, vocational school).

D. What is it about? f What's in your mind? f What's the matter?

Defire a specific and contextualised problem/challange and creale diferent missions lo compose a Play-Lesson Path (e.g. Digilal Identily
Managemeant, Enargy Managamen, Graph Theary, Kilchen Chemisiry).

E. Play - Lesson Path

Provide a descriphion of the narratives used for the Play-Lessan Path.

Figure 8 - Proposed Play-Lesson Path
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Mission A Cuest 1

Time Frame Participants | Location(s) | Resources Evidence Rewards Beacons

Time Frame Partichpants | Location{s) | Resources | Evidence Rewards Beacons

Figure 9 - Proposed Mission Template

6.2 BASIC ALGEBRAICSKILLS — ORT FRANCE

A. Domain / Area / Subject

Mathematics

B. Topic

Basic algebraic skills

C. Age Group / Key Stage / Year / Background

High school students in a difficult situation math wise, or even a higher leve! ke post-grad.

D. What is it about? / What's in your mind? / What's the matter?

Today's warld requines knowledge based on solid bagic skils such as mathematic fteracy. An alarming picture of the current siualion in
math Wteracy ar high school level is provided by the PISA and TIMSS infemational surveys.

Some basic mathematical notions learned in primary and secandary schools are sl nat fully mastered by some students by the time they
amva in high school. Thiz situation will lead those siudanis fo be unable fo follow propery the math curricula, especially in algebra, are
they are nof able to build on this pre-existing knowledge.

This activity will address the protlem by providing achiviies designed to work on essential algebraic nolions needed throughout the high
schoal curricwla,

E. Play - Lesson Path

The lesson path is divided in four missions trying o address the basic math deficiencies met in high schools. Mare missions could be
added leter fo cover a larger ground. The lesson starts with @ reminder of the 4 basic operations and confinues with a direct application of |
if through problems with proportionality. Then decomposition of & numbar in primer faciors and the divisibilily rules ciose the lasson path.

Figure 10 - Basic Algebraic Play-Lesson Path

BEACONING Page 31 of 63



D3.3 — Learning Environment System Specification b CO C@n i n g

BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING
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Figure 11 - Basic Algebraic Taxonomy

Mission A The 4 basic

Duest 1: A refresher counss is given and alsa some suppor (panes, internet). This gives a revense-classcoam theme 1o this

ﬂpafﬂﬂﬂl'lﬂ mission, with lesson to be leamitrelearnd af home and practios being done in the classroom.

With the prevalence of many Time Frame Participaints Location(s) Resources Evidence Rewards Beacons
automatic ways of computing 1 howr of workinl | Teacher Classraam Books Ouessionnaire if | Points tokave | Beacons wil aliow
simple operations such as session, Very IRtk s )

[T —— dona in the Classmates Hama Wabsites needed, accessed or read | 1 notice when the
smartphones, computers and dassroomn isall, Interacive the lessan Fuden] i§ &1 home
80 forth, students very cften maayhe 16 min for ) )

forget how to reallze simple Intraduction. materal material ared deliver the

oparations by thamsalves and
withaut halp. They tend to
commit simpls mistakes that
can often anowball and make all
furthar computations wrong,

teaching maberial

Quest 2 Exercises b practios and reinforcs &s an aulomatism the refreshed knowledge. Practiced bath in classroom (raverse

Those mistakes could be easily it b
avoidable by practicing the 4
basle operations in a ghep by Tirme Frame Participants | Location(s) | Resources Evidence RAewards Beacons
The f..ha;hll;'m can ba practiced 2o 4 mours In Teacher Lab Anplet Mietric showing Points yaarded Beacons will allora
by hand or by using an saveral sessions. Pargnis Mabile pang | Web-based e resulEs ot inthe gama ang | acoRss to the game
alectronic devica, alther directy . . )
or I & filk p tashion. Classmatis Hama safiwing sbudents in the usad far at homa.
Friands Serinus gama AT dassfschoaal
:W'm”"fw math lovel Paper & pen wide
£
mary Games can be lesderbasnd
Skilts based an tao
A refresher on bask artthmetic
approaches:
= Fil the gp
marthid

BEACONING

» Sohvw caloulstion

Figure 12 - Mission A (The 4 basic operations)
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Mission B
Proportionality and
cross-multiplication

In contras! with soma other
subjects, proportionality ks a
fisld which can prove to ba
axtramedy useful in the students
avary day's [He whan tackling
simple tasks like quickly
figuring out the importance of &
discount on & price tag. Daspite
this usetulness, it Is often a
subject in which some students
are lacking. Many practical
problema can ba used lo
Niustrate proportionality, and
the beaconing platform gives
thi teschers the flexibility 1o
author saveral scenarkes
tmckling subjects adapting
directly to the students most
dirgct irberests.

Thia sxarciss could ba solved Dy
hand or by using an slectronic
device, presented as a lext or as
& tabbe o 1il or a8 & figure to
draw. ICT can halp the students
by showing the immeodiate
ragilt of the dats entersd by the
sbudants in the problam’s
framawork.

Backgreund
Primary shool math lavel

SkiNls
A refreshes on basic arthmetic

beac®ning
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Cuest 1: A refresher course is given and also some suppan (paper, internet), This ghves a revense-classroam theme 1o this

mission, with lasson to be amirelearn &1 home and practica being dene in the classroom.

Time Frame

1 hour of work in 1
sassion, Very itila
is done in the
chasaraom isell,
maybe 10 min for
introduction

Participants
Teacher
Classmates

Location(s)
Clagsroom
Hame

Resources
Books
‘Websites
Intaractive
material

Evidence Rewards

Questionnaire il | Foints 1o have

raadad, accassed or
read the lessan
mabarial

Beacons
Baacans wil allow
ta natice whan tha
student is & home
and caliver the
teaching material

Clueat 3: Exsncisas o practics snd reinforce as an aulomaliam the refreshed knowledpe. Practiced both in dassmom (revarss

classsoam) and

Timae Frame
2o 4 howrs in

sovenal seRsions.

Participanis
Teachar
Parems
Classmales
Friands

Locationis)
Lat

Maobile phone
Haomea

Resources
Applat
‘Web-based
salbware
Sarious game
Paper & pan
Games should
be based on
real lile
axampkas
argund the
fiald of
prapartisnality.
Prica
calculations
wilh &
dispount

Evidence Rewards
Matric showing | Points awarded
the results of in the game are
sludants in the Lsmad lor
pamas. class'school
wide
leaterooand

Baacons
Eamoons will allow
aconss 1o tha
pgame at home.

Figure 13 - Mission B (Proportionality and cross-multiplication)

Mission C Divisibility
rulas

Somatimes performing a full
divigion s not MECREEary -]
schve a cartaln problam, A
divisibility ruls s a shorthand
way of datermining wheiher a
given number is divisible by a
fized diviser without perferming
the division, by sxamining ts
digits. Knowing those rulss is a
very handy tool im the math tool
box of a high school student
and can contribube 1o a faster

and accurate resolution of many

prablame. The decomposttion
rules can be practiced by hand

or by using an electronic
device.

Background
Primary school math lewel

Skitle
A ratreshar on basic arithmatic

BEACONING

Quaest 1: A refrasher coursa is given and also some support (paper, internat), This ghves a reverse-classmaom thema 1o this
misgion, with lesson 1o be leamireleant at home and practice being done in the dassroom.

Tirme Frame

1 hoaur of work in 1
spasinn. Very litths
ts dana in tha
classroom Bself,
mayta 10 min far
introduction.

Participants
Teacher
Clas=smales

Location(s)
Classroom
Homa

Resources

Evidence Rewards

Quasticnnaing if | Points So have

naadad. accagsed or
read the lesson
maternal

Beacons
Baacons will allow
o natice when the
student is at homa
and galwvar tha
rapehing mralerial

Quest 2: Exerciges 1o practics and reinloncs &3 an aulomatism the ralreshed knowksdge. Practiced both in classroom (reversa

classrnam]) and oubside.
T Framme Participants | Location{s) | Aesolrces Evidans Aewards Baasans
290 4 hows in Teacher Lab Applet Miatric showing Ponts awarded | Beacors will allow
savarnal gessions. Parems Mol phona | Wab-basad hea resuis of in tha gama &fe | 3008s8s W0 the
Classmates Home software students in tha Leaandd| Baar pame at home.
Friands. Sarous game | gamas classischoal
Paper & pan wide
(Garas Sl oo leaderboard
beasand o Himee
cribial Gamds i
Pk i Pt
drvinidrty rubics
ke ag m rfie
et than snother
lxamon]

Figure 14 - Mission C (Divisibility rules)
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Mission D Prime
decomposition, integer
factorization

Idantifying numbers as prime or
Compoale 8 8 very basic and
important algebra skill. Onoe a
numbar has been idantified a8 &
compasite, the students need to
b alle to decomposa It Into Its
\primse factors.

Thare are many differsnt ways
1o represant decomposition inte
prima factors such as the prime
factor tres, Venn disgram and
80 forth,

Backgrowmd
Primary schood math level

Skite
A refresher on basio artthmatic

Figure 15 - Mission D (Prime decomposition, integer factorization)

The following figure (Figure 16) presents an example of how the learning objectives in Basic Algebraic
Skills can me mapped against the proposed assessment framework. The specific measures and sub-
measures of each learning objective in this particular scenario will be specified later based on further

beac?ning

BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

Quest 1: A refresher coursa is piven and also somae support | papar, imtermat), This gves a reverse-classroom thama to this
misskan, with lesson to ba leamtreleamt at hama and practice baing done in the classroam.

Time Frame Participants
Teacher

Clagsmales

1 hour of work in 1
sassian. Very litthe
i6 dar in the
dassrpom gsall,

mayba 10 min far
infroduction.

Location{s)
Claganoom
Harne

Resources
Boaks

W bl
Ireractive
matgrial

Evidence
Quashion naine i

masarial

Rewards
Painks o have
attegged of
read the lasson

Beacons
Baacong will aliow
1o falice vwivan the
shudent is & hama
and deliver the
taaching mabanal

Quesst 2 Exercises o practios and reirderce 85 an auviomatisrn the refreshed knowlsdps. Practicad both in dassroom [revenss

dlassmoam) and outside.

Tima Frame Participants

2o 4 howsin Teacher

soveral sessions. | Parants
Clagairales
Frimncs

Location(s)

Mabile phane

Resources

Apmles
Wab-based
aoftwan
Sarious game
Faper & pan
(Baiinh ool be
basad o bive-
exibeal gas in
o i Mk o
dividiility Fubis
ke il & ol
ruther than ancirar
hrsgon)

Evidance
Matric showing
the resulls of
Shudan s in e

usad lof

widia

Rewards
Paints awarded
In thea game e

dasefeshool

leagarmoand

Beacons
Baacons wil aliow
acoass to the
A & hoire,

engagementwith the teachersin France and Greece.

BEACONING

ﬁ;

O
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Figure 16 - Learners'progress in Basic algebraic skills
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6.3 STONEMASONRY-HWU UK (VOCATIONAL TRAINING)

A, Domaln f Area f Subject
Engineeri
B. Tople

Slonamasonry
C. Age Group ./ Key Stage / Year / Background

Vocattonal fralning

D. What is it about? / What's in your mind? / What's the matter?

Knowisdge and understanding of producing slonemasonry campanents using 9° Angle Grinder,

E. Play - Lesson Path

Proguee slome project

Figure 17 - Stonemasonry Play-Lesson Path

Mission A QOuesis: Leaming inokamachine onma, enginearing contral and on sita proiocols
Research/Standards
' reting Information Time Frama Participants | Location(s] | Resources Evidance Rewards Baacons
& howrs Students Anywhene Tablet/Mosile | Carrectness of
Lecturers Weh interface | identification and
aTe selections

Figure 18 - Mission A (Research/standards interpreting information)

Mission B Quasts: Leaming Stone masonry tarminalogy, knowladge of basic waste

Adopting industry relevant, remawal technigues, knowledge of application of remaval techniques into industry ralevant safe and healthy working
safe, and heatthy working
practices L

Time Frame Participants | Location[s] | Resources Evidence Rewards Beacons
6 hours Students Arrpwhiere Tablet/Mobile | Corectness of

Lecturars Web interface | identification and

CITR selections

Figure 19 - Mission B (Adopting industry relevant, safe, and healthy working practices)
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Mission C Quests: knowledge of salecting and understanding of stone, tool process, procedunes
Salect'guantity rescurces
Time Frame Participants | Location(s) | Resources Evidence Rewards Beacons
9 haours Students Armeatere Tablet/mobile | Resuhs of
Lectursrs Classroam Workstation | caloulstionsy
CITe Workshap Calculation identifying and
tools selecting
WVisuallzation
taols {Errariess
lemming)
Figure 20 - Mission C (Select/quantify resources)
Mission D Cuests: Demonstrate appropriste mathods work practices processes control (HSE, protocols)
Applying tools, moving,
handling, using, storing, Time Frame Participants | Location(s] | Resources Evidence Rewards Beacans
occupational safety
19 hours Students ‘Workshap Augmented Complarce with
Lecturers wakte removal | Standards
CITB taols and
Eriredars [Errrass
SENsors garning]
Processing
algarithms

Figure 21 - Mission D (Applying tools, moving handling, using, storing, occupational safety)

The followingfigure (Figure 22) presents an example of how the learning objectives in Basic Algebraic
Skills can me mapped against the proposed assessment framework. The specific measures and sub-
measures of each learning objective in this particular scenario will be specified later based on further
engagement with the teachersin Scotland, UK.

BEACONING

o o
e °
= ©
Interpretation o o

Quests

Figure 22 - Learners'progress in Stonemasonry

Page 36 of 63



D3.3 — Learning Environment System Specification b CO Cfﬁfi\?‘n i n

BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

7 CONCLUSIONS

The main goal of this document was to support the learning design and specification of the Beaconing
platform and to propose a Taxonomy used by teachers to create gamified lesson plans based on
specific context and learning objectives. This document also provides various gamified learning
scenarios with missions and quests based on STEM subjects and close rel ated to the individual needs
of each pilot (eithersmall orlarge scale). A cross-subjectand problem-based approach was followed
with emphasis on contextualised learning within real world problem solving and application. In
Beaconing platform, the learner is active and interacts with a variety of resources and toolsin order
to solve puzzles orcompletechallenges. The development of learning scenarios draws on game-based
and playful approaches including mini games, open-ended, linear and non-linear experiences and
challenges.

The deliverable 3.3 will inform the UX and gamification designin Task 3.4, the technical specification
inTask 3.5 and the gamified lesson planintegrationin Task 4.7. This is a live document to be updated
throughout the duration of the BEACONING project to include specific elements for the play-leam
scenarios (measures, technologies, mini games, etc.) based on the updated analysis from the
requirements (T3.1) and inventories (T3.2), UX and gamification specification (T3.4, T4.7), technical
specifications (T3.5), the evaluation results of the small scale pilots (WP5), and specifically before the
large scale testing (WP6) takes place.

As further work, a spreadsheet (see Appendix 9.9) will be used to further break down the learning
scenarios in order to include specific measures for missions and quests (progress assessment),
requiredtechnologies, mini gamesand otherresources. In this ongoing work all the relevant partners
will take part such as pilot, technical, game and learning analytics partners. Each pilot partner will
organise focused meetings with teachers to discuss the proposed scenarios and to update them
according to each country’s curriculum requirements and learners’ needs.
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9 APPENDIX

9.1 DIGITAL LITERACY — ORT FRANCE

A. Domain / Area / Subject
Technology
B. Topie

Digital Literacy
C. Age Group / Key Stage / Year / Background

High school students.

D. What is it about? / What's in your mind? / What's the matter?

In foday’s digital world, everyone leaves a certain amount of information about themselves an the Internal, with the data either produced
by tham or enterad by others. Al those fragmants of information pul fogether constifute a digital identity which, especially where that
imformation is publicly avaiable, can be used by others fo discover that person's civil idenlity. in this sense, a digital identily is a wersion,
or facel, of a person’s social identily.

The ramifications of the concept of digital identities, both lagal and social, are a compiex and chalenging lopic.

Furthermare, somebody owns digital identity is persistent, It is important o know how o manage it at any point of someone 's social ife:
at school, al work, looking for work, belng retired, ete. This concepl is especially imporiant for people being vulnerable and at risk.

This lesson plan is about kearming the concep! of digital identily, how o protect it buf also how fo improve (I

E. Play - Lesson Path

The leszon path is made of four different steps. First the sfudemts are made aware of the concept of digital identily by lnoking for
irformation about 8 made up person all aound the Infemet. Then they have a look af their own digital identity and how much of thedér
personal information is publicly exposed. Then they will make 8 presantation fo the whole class about their finding. Finally, they be
taught simple guidelines on dala profection and data management in order for them fo be abile fo master and befter their own digital trai.

Figure 23 - Digital Literacy Play-Lesson Path

What What skills What's the How much Who is Where is the | What is What evidence | How is
curriculum participants will | purpose? tima? taking part? | mission going | avallable for should achigvemant
wkills will develop? AlmafObjsctives | Time PlaparePartici | 1o lake place? | this misgion? | participants | rewarded?
particlpants SkiisCompatan pants Placas of ToolsFasowces | provide? Ravardsdincentve
develop? (= 0] nlerest Evidance 2 Frizeg
It Framsa, this | Communication | Knowlsdgafnde | - 4 108 Hours | « Individuaks | Sehoal Beaconing « Photographs | « Pear prastins
camesponds to | Expression rstanding = 4 p 8 Waalks | « Small » Classroom |« Presantation | - Blog posts | » Culural
secordaryhigh | - Advanced + Analyae + 4108 groups + Lab + Oriling « Presentalions | incentives
school ICT litaracy = Anflact Sassions « Big groups |« ICT room tomisWard « Vidoos
Enowledge. - Conversation | - Solve « Whoda class procassing
= Conbant = Documant » Parants Home: + Onling
craalion = Discuss + Home FESOUNCEE
= Soif axprossion |« Evaluate (videa,
- Creslivity « Inbarprat FIEWEDADETE)
+ Apprecate
STEM Devicas
= Raasoning ActionfBctivity + Mobile phanes!
= Inquiry - Use Laptops/
= Tool Use = Share Camera/fudia
= Teach Recordar
SocialCivic |« Respord
- Respect « Critigue Taachers
= Inbegrity = Cooparaie » Faoe-fo-tace
= Participation + Lab ook
Creation
Autoncmyinitia | - Publish
tive + Devalop
= Plarning = Duesign
« Dirgarist
= Managamant
r—
= Leaming io
laarn
= Critical thirking
- Digital Itaracy

Figure 24 - Digital Literacy Taxonomy
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Mission A
Understanding the
concept of digital
Identities

The students are given the task

craated sapacially for this
activity.

They can work alone of in
group, inside or outside the
clasaroom, alded by someonsa or
oy themsalves. They need 10 Lss
all possible tools for this
dalective work: broweser, social
networks, forums, and so forth,

beac®ning
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Ouasl 1: Leaming abaut dgal identity. It can be dons sither in ha clasaream, of talked brisfly about in the classroam and then

at homa or entirely &t homa.
Time Frame Participants | Location(s) | Resources Evidants Rewards Beacons
1 1o 2 howrs in 1 Tamcher Classroam Brivwser Ouestisrinaire Krawladge The Baacans will
to 2 sessions Classrmatas Homa Twitiar about tha leamt | Points allow 10 notica
Social kniorwledpa wihan the student
Matworks: is at hama and
Forums daliwar tha
taaching material
sl 2: Tracking Me. X
Time Framea Parlicipants | Location{s) | Resources Evidante Rewards Beacons
1 to 2 hours in 1 Teachar Lab Browser Their oan Krowledge Tha Beacans will
to 2 sessions Classmabas Mobile phona | Twitier idantity Campetition allow access 1o
Friands Hame Socal with other the garme at homa
Pararis Nabwoirks: studers/group
Farums

Figure 25 - Mission A (Understandingthe concept of digital identities)

Mission B
Understanding the
management of digital
identities

The students have now to find
an the Intarnet all the possible
information about themsalvas,
checking ths elactronic trail
they have left since they started
baing presant on the Inberned, or
avan before by the data their
friends or relative lef. This trail
can b aither under their neal
Mame of & pesudanym.

Thay can work alone or In
group, inside or outside the
classroom, sided by someons
of by themselves. They need io
wse all possible tools for this
detective work: browser, aocial
natworks, forums, and so fiorth.

Backgraungd
Haow 1o use 8 compuler browsar

SkiNs

Gain and practice knowledge
abourt digital related skills
Search skills

Inscpuibry

Reasoning

‘Worlkding together

Figure 26 - Mission B (Understanding the management of digital identities)

BEACONING

Cuest 1: Learning about a Fiend's digital iderdity. I the kessen is undenaken outside af the concept of & classroam, he friend

can be replaced by a celabrity for exampla,
Time Frame Participanis | Locationis) Resources | Evidence Rewards Beacons
116 2 hours in 110 | Teacher Lab Birowser Everything about | Knowledge The Beacans will
2 sasslons Classmates Moblle phane | Twithar a friand allow o nofica
Hime Sacial whan e sluden
Metworks i 8 homs and
Fomums dalivar 1ha
teaching material
Quest 2: Learning about their own digital iderity.
Time Frame Participants | Location(s) | Resources | Evidence Rewards Baacons
110 2 hours in 1 10 | Teacher Lab Browsar Evarything about | Knowiedgs Tha Baacons will
2 meagiong Clans moles Mobile phone | Twither thermsehas check whana the
Friends Homa Social shudents ane and
Paranls Metworks giva tham halg
Forumes about the saftwara
o usa
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Mission C Creating a
presentation

Thi atudants have now 1o
prasant in a clear and conclss
tashion all thair finding about
the mysterious pssudonym.
They can wark alone of in
group, inside or gutside the
classroom, sided by someons
or by thamsalves. They can usa
all possible tools for this
datective work: iext, Images,
presentation software, videos,
and g0 forth,

Background

How o use A presaniation
softwars

Skills

Gain and practice knowledge
aboui digital relabed skills

Mission D How to
protect personal
data

The students ane now taught
how to protect s much as
poasible their own persanal data
on the intemaet by using the
adeguate security settings In
softwara and earning to be
wware about the amount of data
unknowingly lafl bahind while
using internet. In application of
this teaching, they will need o
make surs all their own personsl
data is profected.

Thay can work alone or In

group, insice or cutside the
clagaroom, alded by SOomecns or
by themssives. They need to

uss all poasible tools for this
work: browser, soclal notworks,
foruma, and 80 forth.

Background

How to use a computer browsar

Skills

Gain and practice knowledge
about digital relabed skills
Managemient

Organization

Working logather

BEACONING

BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

beac®ning

Quest 1: Preparing the presantalicn.

Time Frame Participants | Location(s)

1 to E howrs in 110 | Teachar L

2 pessions Classmates Miabile pheane
Friends Hama
Parens

Resources
Presantation
softwang
Multimadia
miher sl

Evidence

Evarythirg about
& friend and

Rewards

Beacons

The Beacons wil
chesck whers tha
students ame and
giv tham hadp
abaint ke sollware

o use

‘Quesl 2: Presantation. I the pressntalion is dona outside the comext of & classical course of Iraining session, the pear naview

should replace the teacher inleractions.
Time Frame Participants | Location(s) | Resources | Evidence Rewards Beacons
1 o 2 howrs in 110 | Teachar Laib Fresantation Evarything about | Poinis The Beacons wil
2 sessions Classrmates Mabile phane | softwars a friend and Pear raview check where the
Frierds Hama Multimadia themsehas students ae and
miahanal give tham help
ahaut tha solhware
o use
Figure 27 - Mission C (Creating a presentation)
Cuast 1: Leaming about digital identity protection.
Time Frame Participants | Location(s) |Resources Evidence Rewards Beacons
1ta2hoursin1 | Teachar Classmom Brorasar Cuastionnain Knowindga The: Beacons wil
o 2 sessions Classmatas Twitler Paoinis chiack whera tha
Sacial sludents & and
MNatwarks give tham help
Forums. abaut the sottware

1o use

Duasl 2: Predecting Seir cwe identity. The sluderts wil alss learn Bow Lo irgrave the currerd standing al their digital ideniy.
Could be coupled with a traning session about how o write a GV for axample,

Time Frame Participants | Locationis)

1 b 2 howrs in 1 Teachar Lah

o 2 sessons Classmates Mobile phone
Friancs Hama
Parents

HReaources
Brorwaar
Twitier
Social

Forums

Evidence
Thesir own digital
idenity

Rewards
Knowhsdps
Compattion
with oifer
sludentsigroup

Baacons

The Beacons will
check whare tha
shadants are and
gives them help
about tha sottware
o use

Figure 28 - Mission D (How to protect personaldata)
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9.2 PHYSICS - SIVECO ROMANIA

beac®ning

BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

Science.

A. Domain / Area / Subject

B. Topic

Physics

High sehool

C. Age Group / Key Stage / Year / Background

D. What is it about? / What's in your mind? f What's the matter?

This is about the effects of enargy production on the environment, because of nsing enargy demand. Now the efforis lo combat climale
changas require a significant increase in low-carbon electricily genaration.
The goal of this lasson is o raise the awarenass regarding the environmeant. It is dedicated fo improve the science literacy skill.

E. Play - Lesson Path

electricily generation,

The lesson path has now two missions for 17-18 years old, high school students, Mare mission could be added later to cover a larger

growand.

Students will search an the effects of enargy production, will iry 1o assess the anvianmental impact and will present them. They will woirk
in small groups (2-3), and they will develop a digital presentation of thefr results.,
Mizsion A — Studying the power plants for assessing the impact of anergy production and propase solutions far inereasing low-carbon

Mission A (Studying
the power plants)

Studarts will nssess the impact

af anargy production and will

design solutions for increasing

low-carbon electricity
generation.
They will search the effects of
anargy production by using
zome websites and imeractive
matarial on thalr own laptops.
After that they will maks a

on their ressarch.
They will werk in small groups.

Background

Thay have to know how
elsciricity and anergy is
produced in power plants.
Students alsc know how fo
maice a presertation or a short
mavia,

BEACONING

Figure 29 - Physics Play-Lesson Path

Brief avarview of Guest 1 activities. At this starting level, the mim is fo provide Basic links between
— real world contexts and subject theary, while consalidafing them into a shared ground.
Time Frame | Participants | Location(s) |Resources | Evidence | Rewards
Siudying the | 2houmintwa |« Individusls | School Wabites Conatruction of | Poirts
powerplants | sessicrs » Smal - Classroom | by ecnsion the final
ﬁrm . gurgugiu:: : :-Ca'lt'?rmm rnaberial product: movie
UHHWI Euf " o A | © Schoolyard | o hased ar PowerPoin
production * Paars Hame: sothwara an tha impact
) :«muml N Ez’:‘t Snort mosies of gnargy
+ Museum Lapiops ar productian
;“:: tabiats
Brief avarview of Quest 2 activities. At this feve), the mim s fo move oulsids the classroom,
Quest2 | providing a first spatial expansion of learning activities while still kesping students in 2 controfied
environment.
Propaze
sofutions for | Time Frame | Participants | Location(s) | Resources Evidence Rewards
increasing ow- | 3 nous in3 |+ Smal School Wabsites Tha Poins
mli i LT X a'wﬂass N E:’;gm"" Interaciie presaniation of
genaration. « IGT room | Faterial the final
Widhe o product: mavie
Laptaps ar ar PowerPoirt
tablets

Figure 30 - Mission A (Studying the power plants)
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BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

9.3 CHEMISTRY APPLIED TO ENVIRONMENTAL HEALTH - IMA ITALY

A. Domain / Area f Subject
Chemisiry

B. Topic

Organic and Inorganic chemistry applied o emnvironmental health
C. Age Group / Key Stage / Year / Background

20 = 24 years ald

D. What is it about? / What's in your mind? / What's the matter?

Increase students' awaraness about how massive chemistry adoption can affect environmental health.
Learn also that not all the chemistry is bad for the environment.

E. Play - Lesson Path

Thig lesson plan will focus on letting students understand how much chemistry there is In thedr life, and in the spaces that they use every
day, and how every single day-by-day choice that thay do about waste options, or materials choice, can affect environmeantal heaalth.
Overall chjective of this kesson path is io provide to studenis a way to learn chemisiry learning environment issues and ways to face
them,

Figure 31 - Chemistry applied to Environmental Health Tool Play-Lesson Path

Mission A Prapars 8 prasentation o be flecusasd in the clsparoom of thé mosl vaed organic matriis vaed
by Industry for packaging and sart them By difficulty of recycie.
{The environment big Quest 1
Killers) Time Frame | Participants | Location(s) | Resources Evidence Rewards
Analyza, 4 hours 3 groups af classmoom priline resourcas | presentation chemisiry paints
Disouss about the most used MMHE:::-
matarials used Tor packaging disouss about B quiz gama quiz rasuls
and thelr degres of reciyclabiity. classmates chemistry boaoks
aach,
Background
Organks and Inarganis
Chamistry
Skills Roaming around the city where you live and photo report the adoption of the previous discussed
lais and compose a * ibaard”of the worst recyelabie packaging to ofher feams and to

- Qrganic Chemistry
= Imorganic chamistry

- Cantant craation Quest 2

teachers. (Ta sfary el e “savirenment monsiera” mosdbosrd sfudenis can choass & monser

narrabive theme, or other)

- Self axpression b
= Crsatlvity -
« inguiry tarrhory M'Tﬂ' Time Frame | Participants | Location(s) | Resources Evidence Rewards
s dacuman

[:::i:;pltlll'l'hhllnq 1 waeek A groups of hesme -smartphong - anwingfenenl Enviranman
= Porticipation abaut B around the oty | -beacons big wllers detactive badge
: E::‘i::ln::l::rl::‘;pl-miﬂwﬂ classmales Glassoom -powes paintar maacdhoand,
= Leamning fo learn mach. physical papar = Btoryteding of
= Digital Ineracy [— A —

Figure 32 - Mission A (The environment big killers)
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°
BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

Mission B

{Catch environment big
Killers in town and learn
how to beat them)

Incroase awarensss about the
Laarn aboul naw more @

friendly materials and thair
distribution n the anvircnmaent.

Aoam around the city where you Nve and make & pholo reportage (with peotag) of cases of bad
regyche habila af the pravieus discussed malerials, and prapare 8 "wasie bad habils phole mag” af
your oity to present fo otfers teams and to feachers.

Time Frame | Parlicipants
- grawpa ol

about 8

2 weaks

ciassmates
saih

= taachars

Location{s)
arownd ke cily
hoamig

classracem

Resources
amarlphone
beacons

googh maps

Evidence
“wasle bad
hatits phate

Rewards
Enviranment
datective badgs

Background

Organic Chamistry
Inargankc Chamistry
Mingr digital akills

Skiils Quest 2
Organic Chemistry

= Imarganis chamistry

= Content creation

= Ball axpraasion

= Craativity

= Imgguiry

= Tool Use

= Logical’Spatial Thinking

= Participation

= Emtreprensurship

= Critical thinking/sppraciatian
= Learning to learn

« Digital literacy

fnakyze, online
regearch and
discuss

Teamwork research af new and mare eco-iriendly materials bor constructions or packaging.

Time Frame | Participants

4 hipurs 2 groups of
about 8
Glasamatas
aach

Location(s)

ChAREMm

Resources

oriling rasaunrces
QUi gama

chamatry books

Evidence

prasantation

quiz results

Rewards

Cham sty pedrs

Figure 33 - Mission B (Catch environment big killers in town and learn how to beat them)

Mission C

(Video reportage of Quest 1

chemistry applied to

environment) bareilry rassarch,
documant

Craatlon of & ghort and Tunny

video reportages aboul

chamistry apphed 1o

environment and recycle

Backgrownd

Organie Chamisiry
Ingrganic &hamistry
Minor digial akills

Mingor vidao editing skills

During your spare lme mest with pour feam mates and recard with your smarfphones a st of short
video interviews, using the format of the “dowble interview” with the chjective 1o ralse awareness

about the best packaging to choose when you buy something.
Provide in a funny and easy fo understand way a sei of "do® and "don't® to your mates, teachers
and parants about waste and recyels habits

Tirme Frame | Participants

1 mants -3 groups af
about B
clapsm sles
pach.

Locationia)
argiand 1ha ety
heme

schoal

Regources
amariphons
beacans

drap box (o
sbare video Fles)

Evidanca
Digpbics
repositony with
i wideo
rierviews files.
- widag
staryboard

Rewards
Waals Rapariar
Mastar Badge

Skills

Organic Chemisiry

= Inonganic chamistry
« Comntent craation

» Ball expressian

« Craativity

« Ingquiry

» Tool Uss

Quest 2

Analyze, oaling
research and
QRCLRR

= LoglealSpatial Thinking

+ Participation

» Entrepresaurahip

« Critlcal thinking/sppreciation
+ Learming bo laarn

« Digital literscy

Editing of a final short video with all the interviews, adding slides with technical explanations of
wihy aome habits are good and some ane not providing evidence of the impact 1o the envirenmant,

Time Frame | Participants
aboul 4 hatt 3 groups of
days slobs abaut B
diluted in aboul | clasamales
cne month oacn.

Location(s)

Classroom
Ardarmatian
taehinoiogy
schoal lab

Resources

- onling
rEsources

- bagic video
oditing 5%

Evidence

prasaniaton of

the video

Eco Ewangalist
Badge

Figure 34 - Mission C (Video reportage of chemistry applied to environment)

BEACONING
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BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

9.4 ORGANISING AND DISTRIBUTING DATA - SEBIT TURKEY

A. Domain / Area / Subject
Mathematics / Statistics / Engineering / Science
7" 1o 8" Grade

B. Topic

Organizing data and distribution of data (averages and data graphs) 1o discover central tendencies and the overall nature of a precess or
a variable that the data is obtained from.

C. Age Group / Key Stage / Year / Background
14 - 18 years old
D. What is it about? / What's in your mind? / What's the matter?

An average Is a number that expresses the ceniral tendency of a data set which is obtained from a process or a particular variable.
Therefore, averages are often used when people need to understand the groups of data values. Whenever groups of measurements are
collected in biology, physics, engineering, astronomy or any other science, averages are caiculated, Averages also appear in grading,
sports, business, politics, insurance, and other aspects of daily life. In statistics average occurrence of a case is called the base rate and
it forms the basis of all the assumptions made about that case. Data graphs are used to present numerical data in different ways so that
the averages can be observed.

E. Play - Lesson Path

This lesson plan will focus on letting students understand the nature of a process or a variable by comparing the central tendencies in
terms of mean, mode and median. In order to do so, they will get, ciassify and present data using lables and graphs, and then calculate
the mean, mode and median. The game challenge Is to discover processes or variables whose mean, mode and median is very different
than each other. To get the sources with particularly large differences they will have to learn how these three central tendency measures
reflect the nature of a source data set.

Figure 35 - Organising and Distributing Data Play-Lesson Path

What skilis participants will ‘What's the How much Who Is ‘Where ks the What s What evidence | How |s

develop? purposs’? tima? taking pant? | mission geing | avallable for should achievement
- CoNeting, classifping To deveicp bolf & wenks Wi 8% to take place? | this mission? participants r ded ¥

and prasenting @ data bahawioral and gride chessas | School, Homa | Stafishcal Toals, | provide? Trophias, Poinds,
&4l cogrilive Woh feval i armay and Qut & Probag, Charta, Cuslomiranomg
Calculating central compedencies in groups About Racordars, Presantations | options
tandancies of @ Souree | working with data Heacens,
from #s dels sel resanianon
Aelafing e diferences foais, ciarts,
amang averages o e SEraRTFaEE,
Aatuna of & process ar
varahio
Uindavatandving how we
bufid our assumphicns
abouf § oCUrEIoES
aging Mek base fehes

Figure 36 - Organising and Distributing Data Taxonomy

BEACONING
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Mission A

[Tendency of Data
and Presenting Data)

Discuss about the most used
overages and graphs.

Background

Statistics & Mathematics

Skilta

- Content creation

» Salf-axpression

= Croativity

= Inguiry

» Tool Use

- LoglealEpatial Thinking
« Participation

« Entreprenourship

- Critical thinkinglappraciation
« Lawrning 1o laarm

« Diglial IHnrsey

Yariety

Use onling material vs books
Uss drawings v graph tacls
Use graph papar v
spreadahesls

Use taceiface discussions va
online farum

°
BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

Prepare a presentation to be discussed in classroom of the most used averages that expresses the

Quest 1 ceniral tendency of a group of numbers (mean, mode, median).
Biudy online Time Frame | Participants | Location(s) | Resources Evidence Rewards
content (.. 2 hiwa groups ol clasaragm - anling - [ agGn mealh painta
E-Eﬂ::.‘l'ﬂlﬂ'-l].lﬂﬂ' about & NESOUrGEs - spreadshesis
and digcuss cassmatas = shatisiics and
mathemalice
books
Frepare ancther presentation of the most used graphs to present data and deplct central tendenoy
Quest 2 of @ data set (mean, mode, median) on the graph
orfine rassarch for | TiMe Frame | Paricipants | Location(s) | Resources Evidence Rewards
grapns o 2 houre groups ol clasaranm - anling - prasentation | math points
raprasan data, o
deierming about & EEOUrGEE - spresdshesis | math badge
avarages and dassmatas = ghatistics and math ropihy {bast
discuss .
mathamalice pradEniation)
books

Figure 37 - Mission A (Tendency of data and presenting data)

(Obtain data from various
sources to record the
largest discrepancy
between central
tendencies )

Small greups trying io get the
largest discrepancy betwesn
mode and maedian of data

Bagkgroumnd
Engineering & Mathematics
Sills

+ Content creation

+ Balf-sxpres sien

= Craativity

« Imgulry

+ Tool Uas

« LeglcalSpatial Thinking
+ Participation

« Entreprenesnship

= Critical thinking/appraciation
- Learning to learn

« Digital litaracy

Variety

Uas physical w8 onling iocla
Company ve School as context
Racordimg madium

Go to a company In your city {or school) and choose departments of this company (e.g. “human

Quest 1 resounces” or “produciion” departments). Chooss & process or 8 variable (8.9, ages of employess,
number of malls sent, atc.)
tarrtony
documant Time Frame | Participants | Location(s) | Resources Evidence Rewards
1 weak proups af - gt a company | - smariphana - phote math points
aboul 5 - ehpal - DEACONE - prasantatian
classmatas = pen & paper
- mohile PC
Draw data on graph and find the mean, mode and madian of the numbers. Calcwlate the
Quest 2 digerapaneies (mode-mean, median-mean, mode-median), Rellect an the nature of dats in relation
ta the averages obiained. Try sooring the largest differences by choosing proper data souroe.
Analyze, Replay Quest 1 to lind sources with larger differences
CODpArae,
documant
Time Frame | Participants | Location(s) | Resources Evidence Rewards
2 hours groups af ~ home = caloulatars + SCTEEN Math Badgae,
abaul 5 - achial - spreadahents | caplure High Seom Tabis
classmatas « classroam = p@n & papar : tables = Paar Prastiga

Figure 38 - Mission B (Obtain data from various sources to record the largest discrepancy between
central tendencies)

BEACONING
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Mission C

{Relate source and
tendency. Distinguish
ideas, Reflection,
Knowledge Integration)

Background
Statistics & Engineering
Fkille

= Content creation

- Gall axpragaion

= Imguuiry

= Tool Use

« Logheal Thinking

- Participation

= Critical thinking/appreciation
= Leamning to loarn

= Digital Iloracy

Varlaty
Digital Resources ve texthooks

Gulded discovary v baral
learning

(Base Rate Fallacy)
A challangs amang groupa 1o
trick the others into Base Rate

Fallagy. To avoid the Tallscy tha
responses should consider the

calculations accardingly,

Backgrownd

Sclence & Enginearing

Skilla

= Conlani craation
= Soif exprossion
= Craativity

» Learning to learn
- Digital litaracy

Variaty In preasenting the
problem with schem
drawings

BEACONING

beac®ning

BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

Resparch types of histogram distributions (or prabability distributians), Menlity the distribulions af
sources from Missian B. Observe their mode, mean, median differences. Reconcile with naive ideas

Quest 1 on these Sources.
onlne study, lberal | Time Frame | Participants | Location(s) | Resources Evidence Aewards
arning, trial ard 3 hrs groups of » home » Online course » sproadshants | math points.
airof laamming
[rductnne about 5 - classronm matarial - larmulas
raasaningl, " ] - "
o= Casszmales spreadehaed presankalions
Source guasaing ahow down, Groups of sludents prasenting aach alher & aourcs distribution with
made, mean, median values marked. Then posia | language description of 3 ane af
Guest 2 which |s the source the distribution belongs. The other group tries to guess correctly which.
Analyze, debate, | Time Frame | Participants | Location(s) | Resources Evidence RAewards
L 1 hour qgroups of - classroom - online - spreadshants | Comect gusss high
about 5 NEROUrCAs s harmulas Score Tabla, Mash
s ates and - Badge
mathamatics
books
- tape-io-face
Figure 39 - Mission C (Relate source and tendency)

It presented with related base rate (l.e. generic, general infermation like tendency to cccur) and
specific information (information only pertaining to a certain case like an imperfect detectar

Quest 1 aulcomae), ihe mind tends to ignore the lermer and focus on the latter. This is called Base Rate
Fallacy (see Wikipedia for good axamples). Try finding good examples to irkck the mind of
M.Tmﬂ. competing groups into this fallacy,
Time Frame | Participants | Location(s) Resources Evidence Rewards
2 whs - Qroups argund tha city | smarphana Hatas, matn paints
classmates, home beacons insarviews files.
about § pupils | schoal rampanch - videa
aaeh, noteback [onfine | Blorboand
ar papar]
Fallsey show dewn. Post 2 questions to the other group to guesstimate the probability of an
gceurrence with known base rate when given an imparfect detector oulcome, The group that
Quest2 |, 0t the fallacy and guesstimates most correctly wins.
Analyze, debate, | Time Frame | Participants | Location(s) @ Resources Evidence Rewards
mantal calculation 3 hours graups of - classromm - anline - spreadsheats | Math Badge,
about 5 PREOTCEE - lermulas High Scone Table
classmates « statistics and = prasaniations |- Paar Prastige
mathamatics
books
- face-to-lace

Figure 40 - Mission D (Base rate fallacy)
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9.5 ENERGY MANAGEMENT - COVUNI UK

A. Domain / Area / Subject
Physics (with links fo Enginearing).

B. Topic

Energy Managemeant.
C. Age Group / Key Stage / Year

16 years ofd.

D. What is it about? / What's In your mind? f What's the matter?
Identify the different types of energy in the environment and better understand energy.

E. Play - Lesson Path

Students bearn thal energy wse impacts the environment. They discuss the diffesent types of renewable and non-renewable energy
sources and understand how energy is ransformed from one type 1o another,

Missians included:

A. What is Energy

B1/82. Energy ConservationThe Energy of Light
C. Get

D. The Energy of Music

Figure 41 - Energy Management Play-Lesson Path

Mission A Propare short demos or pressntations aroumd the fopic “What is energy ™.

(What s Ensrgy) Time Frame | Participants | Location(s) | Resources | Evidence | Rewards

Discuss specific types of
energy and practical sources
ol enengy.

1 sE=sion Smallteams | Classroom Word Demos/Frasent | “Energy” Badga
of 3 students processngPrese | alions
ntation

{H

Background;

Tharmal anargy {or heal)
opeps us warm and drives
angries

Chamical anangy fusls
automabiles and
almplanas,

Elecirical enargy drives Bocome snergy defectives.
mary amall machines and
oseps lights glowing.
Evary form of anergy can
by convariad ino athar

lorme Cuest

Time Frame | Farticipants | Location|s) HesOurces Evioence Hewards

2 sEssions Small teams | Classroom and | Moblle phones, | Photographs, | Paoints
. ‘m"h" of 3 students | school Online respurces | completion of
Reasoning

Learming o ksam Conpearate

Content creation
Croativity

“Enangy Quiz®

Figure 42 - Mission A (What s energy)
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Mission B1
{Energy Conservation)

Discuss the different types of
renewable and non-
renewable nengy Sources
and understand how enargy
i& transfarmed from one hype

to another.

+  New technologies thal
are gnergy eificient and
alernative sources of
SRy
Energy conssrvation
does nat mean “save™
anargy, since anengy
cannot be created or
daniroyed,
Conservation of snergy
maans how afficiantly
WO USE energy.

FRiassoning
Leaarning fo lsam
Caonbant creation
Creativity

Mission B2

(The Energy of Light)

Laam about reflaction and
refraction, and see how

prisms, magnifying glasses
and polarized lensas work.

Background/Skille

Light is a type of energy
formed by a
combination of ebsctrical
and magnetic rays,
Knawn &5
mnrctromannetic (EM)
Wivid.

Visible light is only cna
type of EM waves,

Raasoning
Laarning io lsarm
Dasign thinking
Craativity

BEACONING

beac®ning

BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

Become energy conseradion englneers (identify the ways enevgy is conserved or wasted in your

evaryday ves),

Time Frame | Participanis | Location{s) | Resources Evidenee Rewards
Quest 1 3 days Small teams | School and Oinline Spreadshoots, | Badge of

of 3 shudants | houses FRSOUTTAS, misating notes | “Gonsarvation

m’ databases Enginees”
Cooperals

Altermative energy technologies.

Time Frame | Participants | Location{s) | Resources Evidence Rewards
Quest 2

3 days Small teams | School and Onling Poabar, Paints
m’ of 3 shudants | houses FESOLMGAS, Preseriation
Digcuss databases,

smarphones

Figure 43 - Mission B1 (Energy Conservation)

Examime Wight enengy behavior: refraction, magnification, prisms and polarization.

Time Frame | Participants | Location{s) | Resources Evidence Rewards
Quest 1
Analysa # days Smallteams | Schockyand, Baacons, Mosas, Points
Eml of 2 stugents | park, field smarphones Presantations
Design and develop a radlo fransmitter,
Time Frame | Participants | Location{s) | Resources Evidence Rewards
Quest 2
Diesign 1 weak Small teams | Lab Onling Moaas, Points
DOraiap of 3 etugants resouress, damarstration
Cooperaie modsls

Figure 44 - Mission B2 (The energy of light)
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Mission C

{Get Charged)

Learn about charge, voltage,
curreént and resistance, and
discover that ssacirical anergy
Is the form of ansngy that
powars most of the housahold
appliances.

Background Skills

*  Indirect currant (DC) all
elaciroms move in the
same direction while the
alsctricity Nows.

In aiternating curnent
(AC) the direction of the
alectron movemant
changes many times

Mission D
(The Energy of Music)

Introduction to sound energy
concepts and how snginsens
uss sound energy. Leaarn to
describe sowund in terms of s
pch, volume and Trequancy.

BackproundSkills

= Every sound, whether it
I from a rubber band
twanging or a loud
spaakoer cona, s created
by vilrathodn.

BEACONING

beac®ning

BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

Time Frame | Participants | Location(s)

Individuals

Free eniry to

studanis

Time Frame | Participants | Location(s) Aesources

2 sessions | Teams of 5 Lab Cirdires tools

Evidence

Visual

Figure 45 - Mission C (Get charged)

Participants

1wk Indieiiduats Hause Baacaning platform,

Prasentations

Figure 46 - Mission D (The energy of music)
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BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

9.6 GRAPHTHEORY AND TESSELLATION — COVUNI UK

A. Domain/ Area / Subject

Mathematics {with inks to Scisnce and Enginssring)

B. Topic
Graph Theory & Tesselstion. Contextually fies info earth sciances and urbandcivic anginearing
C. Age Group / Key Stage / Year

T8 years okl

D. What is it about? / What's in your mind? / What's the matter?

Lindergtanding Lirkan Spaces and Manwarks

E. Play - Lasson Path

This play lesson path prompids students lo progressively recognise the relevance of geomeiry in the siructure of everyday e, with a focus
on the cormection and shaping of discrete areas. Starting from everyday objects, the sfudents will progressively widen the range of thedr
activities, abiaining a goof grasp of the structure of the swrounding tewrifory from a geometrical standpoint,

Missions included:

A, Geomelry Scavenger Humt
EB1/82. CltyShapes/Wildffows
€. Land Graffiti

D. Crowd Mapping

Figure 47 - Graph Theory and Tessellation Play-Lesson Path

Mission A Students are tasked with “ticking off” geometric shapes from a list they are given, documenting
their presence in nntural or architectural objects.
Geometry Scavenger
Hunt i ge Time Frame | Participants | Location(s) | Resources Evidence Rewards
Quest 1
1 s@ss0n Individuals SchoolUniver | Beaconing Phatographs. | Poinls
Background: m“‘m sity and Piatform
This starting gquest will help surroundings
atudents apply Basic Gaomelry §
im real context and exercise Mobile Phone
thadr pattern recognition skills
Skills:
B.Reasaning Briaf overview of Quast 2 activities. AT this level, the aim i3 o move oulside the classroom,
C.Tool Use providing a lieal spatisl expansion of learning scliviies while bl keeping sfudents in & controlled
LogicalBpatial Thinking i L
Time Frame | Participants | Location(s) | Resources Evidence Rewards
Quest 2 Specify the Small earrs | SchoodUniver | Beaconing Phatographs | Culural
Analyze time frame for | (3-4) sity and Platform Graphs Incentiva (art
thi st ) _—
Diociamen ke surroundings axhibition ar art
Mobile Phdang Boaks)

Figure 48 - Mission B1 (Geometry scavenger hunt)
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Mission B2

WildFlows

Bacigrownd :

Starting from simple

maasurament akills, students
will engage with the basics of
graph theory and tessalation,

Shills:

H. Reaseding
1. Tool Use

oJ. LagicalBpatial Thinking
K. Digial Literacy

BEACONING

beac®ning

BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

Siudents are tasked o measwe disfances within inmer cify landmarnks (squares, manuments) slong
the mast direct connection, creating proximily graphs.
Time Frame | Participanis | Location(s) | Resources Evidence RAewards
1 day Srmall City Centre | Beaconing Photographs | Points
Quest 1 Teams Fiatarm Gaphs
(3-4) Hog pasts
Mobile Phane
Parenis
Students are tasked to delermine circular areas that contain 3 and only 3 of the above
‘mentioned landmarks, and geotag themsalves af thelr center.
Time Frame | Participants | Location(s) | Aesources Evidence Aewards
GQuest 2
1 day Small City Cantra | Beaconing Phosographs | Viouchars (public
Teams Platfarm Graphs transporation for
(3-4) Biog posls interesting
Mobie Fhane location within or
Parenis near the city)

Figure 49 - Mission B1 (CityShapes)

Students are tasked to measure distances betwsen ouidoor landmarks (rivers, lakes,
hilltaps) along the most direct connection, creating proximity graphs.

Time Frame

23 days

Participants

Small feams
(34}

Parenis

Location(s)

“Grean Balt”
anga or
equivalent

Resources

Baaconing
Platform

Maobile Phone

Evidence

Photographs
Graphs
Blog pasts

Students are tasked o determine circular areas that contain 3 and only 3 of the above
mentioned landmarke, and geatag themselves at their center.

Time Frame

23 days

Participants

Small leams
(3-4)

Parenis

Locatians)

“Graen Ball”
area or
equivalant

Resources

Beseoning
Platizm

Miobile Phone

Evidence

Phalographs
Graphs
Blog posts

Rewwards

Vouchers (public
tranapartation far
intereating
location within or
near tha city)

Figure 50 - Mission B2 (Wildflows)
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BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

Mission C

Land Graffiti

Background

Location(s)

Building on the basics of graph
thaary and 1essellation leamed
in the preceding quests, 1 waak Large City and Baaconing Photographs | Points
studants will use thair

navigation and  abstraction Surrcundings
skills to apply them to real
world contexts.

Skills:

L. Rmazoning
M.Tool Usa
M.LogicalSpatial Thinking
0. Digital Literacy

P. Planning

Rewards

Lamge Teams | City and Baaconing Photographa | Cufturad

(6-8) Surroundings | Platiorm Maps Incantive (Lirban

Teachers Biog posts | History Museurn
Mogile Phone or equivalent]

Figure 51 - Mission C (Land Graffiti)

Mission D

Crowd
Mapping

Background

Bullding on their experience
with graph theory, lassellation
and geotagging, students will
apply the sidlis and knowledge
obtain to real world contexts
and issues (urban planning,
transportation)

Skilts:

Q.Reasoning

R.Inquiry

S.Tool Use

T. Logical/Spatial Thinking
U.Initiative

V.Planning

W. Content Creation

X. Design Thinking

Figure 52 - Mission D (Crowd mapping)
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BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

9.7 BASIC GEOMETRY SKILLS — SIVECO ROMANIA

A. Domain / Area / Subject
Mathemalics

B. Topic

Basic geometry skills and principles of their application and solving in practical situations
C. Age Group / Key Stage / Year / Background

Middle school hearing impaired students in a difficult situation math wise,

D. What is it about? / What's in your mind? / What's the matter?

The physical and mental characteristics of the hearing impaired student differ to a great extent from a hearing student both in the
remarkable directed self language and at the level of thoughts, representations, analysis and synthesis, memory, imagination, abstraction
or generalization.

Some geometry basic learned notions are still not fully mastered by some students by the time they arrive the 8th grade. This situation
will lead those students to be unabie to follow properly the math cumicula, especially in geometry; they are not able to bulid on this pre-
existing knowiedge. An overview picture of the current situation in math Meracy at secondary school level is provided by the PISA
international surveys.

This activity will address the problem by providing activities designed to work on essential geometry notions needed throughout the high
school curricula, to grow interest and mativation for studying geometry, to develop logical reasoning and the capacity of read lips.

E. Play - Lesson Path

The lesson path is divided in different missions trying to address the lack in some geometry basic notions observed in secondary school.
More mission could be added later to cover a larger ground.

Figure 53 - Basic Geometry Skills Play-Lesson Path

The lesson starts by showing to students some geometrical figures followed by requiring them to draw curved, broken, closed or open
lines, a circle, a circle diameter, radius, an arc, a circle sector, to write the formulas for calculating the length of the circle, the arc iength,
circular disk area sector and it continues with direct applications through problems.

Then, students are asked to make a cone out of the circular sector of the geometric bodies studied the cone resembles. Students are
shown a rectanguiar triangle rotated around a catheter; an isosceles triangle rotated around the median coresponding base. They are
required to discover and name square forms and to compare their sides and angles, to draw a dark-broken line of 3 segments, to fold
some cutouts (rectangles, squares, parallelograms, triangles, trapezes, circles, pentagons and hexagons) for which to identify sides and
tops. They are asked 1o draw a closed curved line by using a compass (to measure the distance from the sting at the curved ling), or a
rotational geometrical body (a cone, a cylinder) and identify the elements generators, radius, surface side, base, or peak. The lesson path
goes on by requiring students to color the interiors and exteriors of geometric figures, to draw geometric shapes inside other geometric
figures / bodies.

The last part of the lesson consists of finding out the side of the cone area after its unfolding, using the formulas for calculating the total
area or the volume of the geometrical bodies. The lesson path closes when appiications for practical situations are proposed and
students are asked to find a relationship between generators, radius and height (in cone or cylinder for example) and to draw on their
compulers geometrical figures / bodies (rectanguiar prism, square pyramid, triangular pyramid, hexagonal pyramid) by using graphic
editors and also find the relationship between their own parts by applying the specific formulas.

Figure 54 - Basic Geometry Skills Play-Lesson Path (cont’d)
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Mission A. Geometric
figures and bodies
studied

This lissiste S18F1S with Femembering the
studisd fgures and Bodies, by showing
2 TLITIE B0 Jelmairio fgures o
sadiss followsd by requirisg them 1o
v parvid. broken, Closad of pen
Niraa, geomairic figures (s circ, o
circin damarie, ratiug, snowT 8 cicia

Emmgoral pymrid, 8 cone, @ eplindar.

In thia way, studenis am renfoees
suro= e fguies o em cated s
i Dndid by ohosed purees. Trey i
el bl o Tons In oeder ¥ maske
el laritios with SManen Fecinngules
elroby objee by (s, door, baek,

titini, Uiri, S gliss PENSE)

Ba
Secondary Bchool math level

Skiltg
A refresher on basic geometry
skills

beac®ning

BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

Brief overview of Quest 1 activities, At this sfarting lavel, the aim /s to provide basic links batwaan
real world contexts and subiject theory, while consolidating them info 8 shared ground,

Time Frame

1 howrin 1
BecSion,

Participants
Thia teagcher
Theair
clasamales

Lecation(s)
CIaBRnams
ICT Lab

Resources
Books

Geomelry kits
Flipcharts
Wehsiles
Inbaractive mabarial
[drarwings, madals)
Wiorkshaats with
{ormulas

Papars, crayons,
alue, scissong

Evidence
Quessonnair
as.
Exercisas
Asspssment
Tasts

Rewards

Foints
Awards

Brief overview of Quest 2 activitles. At this level, the aim is to move outside the classroom,
providing a first spatial expansion of learming activities while shl keeping students in @ controlled

anvironment,
Time Frame | Participants | Location(s) | Resources Evidence | Rewards
2 hewrs in 2 The teacher | Classmoams Applat Answers b | Points
ra— Small groups | e o Web-basad an

Big groups Hama software: Assossmonk

Whole class Sarious game nst

Fapar & pan
Clagsmales

Figure 55 - Mission A (Geometric figures and bodies studied)

Mission B.
Representation of
geometric shapes

Stucdants are neked 1o make o cone cut
of the clrouie snctor of the geosetric

forma and o compere thelr sides and
anghes, 1o draw & dirk-beoken line of 3
segments, to Told somae sulouls
(Feciirngles, Squanes.

paraleograms, ilemgles, rapazes,
lroles, pentsgons and havagora] for
which 1o ident®y sldes and o, Thay
arg askesd o drew o clossd cunsed Pna
by UEIRg B COMDEES (30 measune the

A relrasher o il geametry sillls

anviranment.
Time Frame | Participants | Location(s) | Resources Evidence | Rewards
Zhoursin? | The teacher | Classroms | Appet Arewersto | Points
BESHIONS. Their parents | IGT Lab Web-based alseat
Their Hama saftware
classmates ‘Serious game
Thair friands Papar & pan
Figure 56 - Mission B (Representation of geometric shapes)
Page 57 of 63
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Brief overview of Quest 1 activifies. At this starfing level, the aim is fo provide hasic links batwesn
rea world contexts and subject theory, white consoligdating them info a shared ground.

Time Frame

1 hourin 1
sassion.

Participants
The teaches
Thair
clasamales

Location(s)
Classmams
ICT Lab

Resources
Boois

‘Webisies
Inbaractive matadial
Books

Goometny kits
Flipcharis
‘Wabishas
Inbaraciive matadial
[drawinge, madals)
‘Worksheats with
formulas

Evidanca
Cusastionnair
a5
Exercises

Rewards
Foints
Aards

Brial overview of Quest 2 sctivilies. Al this level, the alm is o move outside the clsssroam,
providing & first spatial expansion of lesrning activilies white s keeping studenfs in 8 confrofed
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BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

Mission C. Proper use Brief ovarview of Quest 1 activilies. Al this starting level, the aim I8 lo provide basic lnks between
of calculation formulas real world contexts and subject theory, whils comsolidating them into & shared ground.
The lisil par of the leidon condlst of Time Frame | Participants | Location(s) | Aesources Evidence | Rewards
Andiag oun the shde of the cont srea
wher g urdoiding. using the formulas i J
= g e kel araa o Mt 1 hawr in 1 The leaches Classroams Boaks Quesiannair | Poiris
wpdume ol the geometrical bodiea ithe SRSSKN Their ICT Lab Wabsies s, fuards
leragth ol the pircle, the ano lengen.
cirpule diak ares saoiod]. classmates Irdaractive material | Exercisas
Thie bestmor (= Dl wisan Small grouipa Books
sppdlcations for practical situstions an
propossd snd shudenis e ssked 10 T Big groups Geomelry kits
B reiEtiorahip batwasn geraraion, o ih
radiug and haight {in cone or oylinds: rhsheets w
For auarmpdes) and & dres on i Wihole class P
compuise gecmaiticsl figunes ¢ bodise
[reciBngULEr prism, Sguans pETamkd,
rianguiar pyremid, heaagoral pyramid]
by uming graphic sdiom and alec find
the remtionahip: hatwsss, thair owe parts
tny mpapisyineg tha mpacic iormuine
The problems could be sobwd by hand,
nx 8 laxt or ax n tsbile to 1 or
R Brief overview of Quest 2 activilies. At this lavel, the aim is o move oulside the clssroom,
ET halp B hearing impsined
L ing proviching 8 frat spatial axpansion of learming activiles while still keeping students in & controiad
ramuit ol the dets srisred By the Ervironment.
Bacwground Time Frame | Participants | Location{s) | Resources Evidence | Rewards
Sacondary school math leeal
. 2 hours in 2 The igacher | Clasarooms Applat Angwers o | Foints
A retrmmber on bele i thrmtic SREEKIME Their parents | ICT Lab Vieb-basad an
Their Hame softwarne assessmaent
classmaies Saricus gama tost
Thedr friands Papar & pan

Figure 57 - Mission C (Proper use of calculation formulas)

9.8 WATER MANAGEMENT — COVUNI UK

A. Domaiin / Area f Subject

Science/Enainser

B. Topic

Waler Management

C. Age Group / Key Stage / Year / Background
High school students.

D. What is it about? / What's in your mind? / What's the matter?

Given the challenges brought on by cfimate change and the risk of future usable water scarcily, there is a need for a deeper
understanding of the ecologicsl dynamics of the water cycle, and for the scientific and engineering challanges that making good use of
this fundamental resource enfall.

E. Play - Lesson Path

The lesson path s made of four different sfeps. First the sfudents are made aware of the concept of walter cycle, and fry thedr hand af &
gimple syshem-based min-game. Then they have a look al thedr waler usage prachices and consumphion, both af school and at homa.,
Then ihey will explone their lowns and focus on the wider infrasiruciure of waler management. Finally, they Tl contexivalze the local water
ecoiogy in regard to ciose water bodies, and the impact of human achivitigs,

Figure 58 - Water Management Play-Lesson Path
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What ‘What skille ‘What's the Hew much Who ie Where iz the | What iz What evidence | How k=
currculum participants will | purpose? tima? taking part? | mission going | avallable for should achlevemant
skills will develop? Aims/Objectives | Time FlayersPartic | 1o take place? | this mission? | participants | rewarded?
participants SalsCompatan pants Places of provide? Rawardsingentve
develop? ciag irstaragt Evidance & Frirag
Secondary/ Communication alinde | 8 weaks + Individugls | School Beaconing + Phatographs |« Pear prestigs
high schoal fEupression rstanding = Small » Clagsoom |+ Presantation | » Blog posts + Cuttural
BCBNCE + Advamoad + Aralyss roups « School + Onlira +« Fresanialions | incenlives
classes. Igeracy + Raflect « Big groups grounds toalsWand « Videos
+ Corversation | + Solve « Whale class pOCEESng
« Cordent = Dacument = Parenis Home = Onling
craation + Discuss + Friends + Homsa reBoUICaE
Sef papression | « Evaluabe « Prafessional [widen,
+ Craativity + Inlarprat kS Qihar e sgapars|]
= Appreciate « Town cankre
STEM + Maightoring | Devicas
« Flamsaning Action/Activity wreAs « Mabile phones/
Imquairy + Lsa Laphops!
Tool Usa » Bhara Cameralfudio
+ Taach Fracordar
SacialCivie « Raspand
+ Raspact « Coritigua Teachers
« Inilegrity « Ciooperabe + Face-to-face
L + Lab ops
Creation
Autonomyfnitia | - Publsh
tive + Davelop
= Planning « Dasign
+ Organisation
« Managoment
P
+ Laarming o
laam
+ Ciritical thinking
« Digital literacy
Figure 59 - Water Management Taxonomy
Mission A Clusst 1: Watar Cycle Min-gama
The Water Cycle in Time Frame | Participants | Location(s) | Resources | Evidence Rewards | Beacons
Thﬁnl'!" 1 higar Individual Classroom Baaconing Puzzie Mini Knowisdoe The Beacons wil
Tha studants ans given the task Shudents Flatioem min| gama Completed | Points maka the mink
to play a puzde based gama game accassible
simuintion of the water cycls, so
&8 bor Gbtain basic theoretical #nd colin
Insights on water scology. aGance
In the second part of the
Mission, students ar then )
taskend with complating & water Quest 2: Water Enginearing Mini-game
managamant anglneering
puzzies, as to obtain basic
technical insights
Time Frame Participants | Locationis) | Resources | Evidence Rewards Beacons
1 b Teachear Classoam Baaconi Puzzie Mini Knoravisdps The Beacons wil
Background "Q. . ) i
Classmatas Platiorm mini gama Compleied | Points make the mini-
Common knowledge about gama Coleciables | game accessiie

warler §ysiams

Skillg:

Gain and practice knowledge
pbout water sysioms

Search sklills

Inguiry

Teamwark

BEACONING

ard colale

evidance

Figure 60 - Mission A (The water cycle in theory)
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Mission B
Water Management at
Home and School

The studants have now to
manibor water usaps sl school,
both in quantitative terms and
providing documentation about
practices and issues.

In the second part of the
misslon, monitoring will sxctend
1o their homes and ¢lose
nedghborhoods

They need to use all possible
iopds for this resesanch work,
and pravide digital evidence for
thair surveying.

Background

Consolidated knawlsdge aboit
watar systems

Skillg

Gain and practice knowledge
abaut water mamagement
Saarch skills

Inquiry

Teamwork

Mission C
Water Management in
my Town

The students have now 1o widen
thair inquiry, and kook Tor how
water |8 managed in the oity
whans thay lhva.

Ini the first part of the Mission
thary will documant tha ganeral
Infrastructure (e, wilerways,
aquaducts., Bewage systems)
Iri the second part of the
Mlission they will bo kooking
apacifically for problamatic
Issuss (8.g. water |oss,
anvironmantal impact),

grounded bath In their
axploration of their
neighboarhoad and in comtact
with professionals.

Baokground

Consaolidated knowlsdge sbout
walar ayabems

Skiils

Gain and practice knowledge
about water systems
Planning

Mariagesmant

Critical thinking

beac®ning

BREAKING EDUCATIONAL BARRIERS WITH CONTEXTUALISED PERVASIVE AND GAMEFUL LEARNING

Quasl 1: Moniloring waler usage al schosl

Time Frame Participanis | Locationis) Resources | Evidence Rewards: Beatons
2howsin 1102 Teaacher School Birerwaar Everything aboul | Knowledge The Baacons will
SESSOnS Classmates prounds Social wabar usaps af Paint= allow and
Metwarks schaal (bills, cantralize data
Forums photos, videos, collation am the
Inbardiaws) platform
Quest 2: Monilering water usage at hame
Time Frame Participanis | Location(s) | Resources | Evidence Rewards: Beacons
Harmeranark — Classmates Hama Browsar Everything aboul | Knowledge The Beacons wil
Tweek time Frierds Meighborhood | Social water usage af Paints allow and
Pararis Natwarks hama and in the | Colactables | cantralize data
Foums naighbarhood collation an the
(il phoigs, platharm
videns,
inbardEwE,
paatags)
Figure 61 - Mission B (Water management at home and school)
Quist 1: Exploring and documanting the ity waier infrastnuciure
Timie Frama Particlpants | Location(s) | Resources | Evidence Rewards Beacons
Homework — Taachar Hiami =t Ewarything abaut | Enowlaoge Thi Bagcang will
Twaek me Classmatas Teram Sacial e tawn's water | Poiale allaw and
Friends Metwarks sysham genaral oentralize data
Parenis Forums functioning oollation on the
(phatos, videas, platfarm
Insarvices,
gantags]
Quest 2: Seaking out and documanting mathunctionsfanvironmental sswes
Time Frame Participants | Locationis} | Rescurces | Evidence Rewards Beacons
Homeswork — Taachar Home Browsar Ewarything about | Knowledge The Baacons will
Twaek me Classmates Torem Social proflematic Foinls allow ard
Friends: Metwarks issuas with the Caollectahles centralize data
Professionals Forums tawn wahar collation on tha
systam (photos, platfarm
widaos,
infarviees,
gectags)

Taamwork

BEACONING

Figure 62 - Mission C (Water management in my town)
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Mission D Quest 1: Exploring and documanging the local water escology
I::r:"ﬂtﬂr Cycle Out Time Frame Participants | Location(s) | Aesources | Evidence Rewards Beacons
Homework — Teachar Town Browsar Evarything aboul | Knowladge The Beacons will
mmnmﬁm‘m' 2waehs lime Classmales Suroundings | Social he town water | Points allow and
The firsl Gumet in Tin misslon i 1o Friands Mahworis system and its cerfralize data
dacumani the links hefwsen the ciy
wpknr wywiem and fhe wider meier Prolessionals Farums inics with nagural collation on thea
scalogy (a.g. fivers, lakes, sen] and ia
I1=pact ralatinnehip with tham. sunmUnRdings plagiorm
Tha liral Senet of this path cone@ts in
Immng all e evsancn Tal has been [pheas, viseos,
collatmd Eroughoul the ecthitios s
-whlnnhh';-lu-hll:h rilervigws,
genarnl pubic and licy=nbnm,
et i, pubpemant & geciags]
Background
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Figure 63 - Mission D (The water cycle out there)
9.9 SPREADSHEET-BREAKING DOWN LEARNING SCENARIOS
Fartnar | Scenario Moz Quusk _Mizi garra Typa Wini Game
& reliesh course dsoriod with eercioes about The 4
Rt Math - tigatea Basic Operatinns
5o practice and a5 an
tha refreshed krowiedge Chair mini garra Purals Ga e farme
& relreiher courie issormed with eurci about
HM W!EIM EI'M'M.IHEEEI_H
S@ practkoe asd ELE
the refre ke I:HI: mini garra Simulation
s rafricihit courin ssorted with sxrcicin about
Diishilitg Auies diwtibiity s
5o praciios asd 25 3 Fwtman
£ il R EmyeimGene |
& rafraihar courin sssorbed with sxrcio i bout
Frime dicnrpeaition ! |pege faco zatios scamgnitian in peime faciots
Eseroices oo practios and reivforce a5 = setmarism ‘Gaime based an the s
i refrashed krowiedge Ciuly mdri garma repremhrion
.| - T L — —
Trisckiry ilstas i Clale IMLILEEH
Wa ol digital Wentities Learning about a friend’s digical ientity
Learning abeut Sher own dighal entity
ety yprmentition ____ IFepers s praseriytion
Fitch the sravrttion
Perscnaldaapeonetion  |learingaboditdignal dentity sratenion
dhezi owem
Studying the power plants for asseming the | mpact of
SVECD | Py Sty pwer pants enangy produstion
Fropest behitions for noreaing lw-caron
I_ ‘eleciricky pereration
Figure 64 - Spreadsheet part 1
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Figure 65 - Spreadsheet part 2
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Figure 66 - Spreadsheetpart 3

Figure 67 - Spreadsheet part 4
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Figure 68 - Spreadsheet part5
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