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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 21st century.  

This document includes the design of a framework for problem-based learning, which will encapsulate 
the mechanics of different learning models for different learning environments. An extensive 

literature review on 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 this document is to 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 design in Task 3.4, the technical specifications in Task 

3.5 and the gamified lesson plan integration in Task 4.7. This framework reflects a holistic and modular 

approach that combines learning, games and technological specifications, which will be further, 
refined and updated in an iterative and incremental manner.    

This is a live document that will be updated throughout the duration of the BEACONING project to 

include specific elements for the play-learn 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 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, meta and humanistic knowledge of the 21st century learning.  
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1 INTRODUCTION 

1.1 ROLE OF THIS DELIVERABLE IN THE PROJECT 

The Beaconing project will support the learning design and specification of a platform that will provide 

various gamified learning scenarios and activities based on STEM subjects and closely related to 21st 

Century learning objectives. In particular, this deliverable aims at three objectives, and explicit actions 
have been taken to achieve them: 

1. An extensive review and analysis of problem-based learning and how the different learning 

approaches can be combined with the fast technology development to support teaching and 
learning in the 21st 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 centric design and development. 

1.2 APPROACH 

The aim of this document is to create a framework and propose a taxonomy that can be used by the 

Beaconing Consortium to create and share play-lesson scenarios and activities based on problem-
based learning and STEM subjects. This document has been prepared following specific guidelines 

described in the Beaconing DoA and has been improved through: 

1. Literature review on pervasive, gamified and problem-based learning; 
2. Literature review on gamification and mini games used in learning and 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 specific context 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 
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scenario on Basic Algebraic Skills provided by ORT tries to address the alge braic difficulties that high 

school students face, 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 activities with 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 assessment and thus, it should follow the new learning methodologies and technological 

advances.  

2.1 PERVASIVE LEARNING 

The relationship between learning, its context and the technologies thereof, has been a central issue 

since the beginning of modern research in education (Vygotskij’s, 1978). The rise and diffusion of 

digital technologies gave new meaning to this debate, through the generation of a new kind of spaces 
where communities of learners as discussed by Lave and Wenger (1991), could emerge and 

experiment with constructivist 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 et al. (2007), which suggests that we 

move beyond simplistic, delivery oriented e-learning toward learner focused, 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 

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 

institutions, toward acknowledging and 

giving value to informal and social learning. 

This social, informal aspect of learning is 

emphasized by Ito et al. (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 

for pedagogical research to obtain insight in 

the 21st Century learning processes. 

Acknowledging the informal, playful nature of today’s learners’ activities, and the specific applications 

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.  

Figure 1 - Pervasive Learning (Dan Pontefract, 2013) 
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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 accelerated user interface design to make electronic transactions both enjoyable and 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 elements in non-

game contexts” (Deterding et al., 2011) and “the craft of deriving all the fun and addicting elements 
found in games and applying them to real-world or productive activities” (Yu-Kai Chou, 2012).  

The American game designer Jane McGonigal (2011) argues that advancing a “gameful” mindset in 

the real world can produce effective and measurable change, leaning on 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 basic fact that gamification can indeed work, and the methodological issues that 
persist in many studies (most of which underestimate the impact of social and organizational context), 

and that need to be addressed by future research. The second objection is articulated in much depth 

by Walz and Deterding (2015), who discuss the accusations of manipulation by inquiring the roots of 
enjoyment we draw from games and highlighting how “good” gamification  (just like good games) 

emphasizes the intrinsic human motivation toward competence, autonomy and relatedness.  

The third objection is 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 basic game 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 capacity for synthesis, creativity, teamwork, evaluation and 

critical thinking, which are hard to foster under traditional learn ing institutions’ structures and 
resistant to 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 learning that is characterized 

by flexibility and diversity in the sense that it can be implemented in 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 rather than discrete subjects”.  

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

 Complex, real world situations that have no right answer are the organizing focus for learning; 

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

 Students gain new information through self-directed learning; 

 Staff act as facilitators; 
 Problems lead to the 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 main types of problem-based learning are the pure 

model and the hybrid model. In pure model the whole curriculum is problem-based and there are no 

lectures or tutorials only small teams of learners, while in 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 
together their scientific inquiry skills, developing a range of employability skills and investigating open-

ended real-world problems.   

Problem-based learning is used in various disciplines; medicine, engineering, architecture, economics, 
educational administration, social work and so on. The problems/scenarios are the starting point and 

centre of learning which enable learners to become independent inquirers, 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 

together online, better identify their own 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 active learning is 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 promotes learners’ 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 
their interest in 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 learners for living and working in the 21st 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 approaches that 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 focus is well embedded into problem-based learning, 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 challenges that are seen as stimulating learning that is taking 
place beyond the barriers of space and time. This fits well with the purpose of the project as described 

in the DoA which is to examine novel ICTs in multiple ways that merge learning acqui red 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 also the development of learning scenarios that will draw on game-based approaches 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 communication and collaboration among learners, 

along with tools that will provide analytics and guidance to the learners for their achievements.  When 
analytics are included in the pedagogical activity, teachers can get a better insight regarding their 

learners’ progress and achievements.  

Among the main propositions of constructivist approaches to learning is that 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 project is in line with this proposition as it will emphasize 

learning both as a product and a process, hence it will track and provide rewards not only for the 
outcomes but also for the process under which these outcomes were achieved.  

Focusing on constructivist approaches for learning, Savery and Duffy (2001) outline eight principles 

that can guide the practice of teaching and the design of learning environments. These pri nciples 
provide a good foundation to describe the Consortium’s pedagogic approach that is  an essential 

bound to problem-based learning.  

For Finkle and Torp (1995) problem-based learning is "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 content around 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 relation to 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 a classroom, and to enable the participants to perform more effectively in our world. 

The Beaconing platform will provide clear goals to learners regarding the learning activities they 

should complete. However, it is acknowledged that, what and how is learned is 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 will engage with and adopt it to their own needs and interests, and eventually take ownership 
of that.  

The design of the activities is 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 a text) but rather to engage learners in various scientific discourses 

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 both the content learned and 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 for learning. Problem-based learning is seen as helping “people to learn how 

to learn and to link learning with their own 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, STEM subjects and 21st century learning requirements. It is 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. 21st 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 21st 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 21st 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 will acquire the required STEM, thinking and 
communication skills that are sought out by employers all over the world.  

 

Figure 2 - Beaconing for 21st century learning requirements 

3.3 MECHANICS 

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

for an investigation 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 

elements that connect behavioral elements (e.g. players and context) to systemic elements, and they 

define and regulate rules and performances in order for the game system to 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 

ecosystem works 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) mechanic model evaluated by Arnab et al. (2015) (see Figure 3) which reflects 

on the various pedagogical and game elements, and tries to map pedagogy, learning and 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 for the sole purpose of play and 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.  

 

 

 

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 
Järvinen defined them as “a pattern or process of change, growth, or activity” (Järvinen, 2008). 

Dynamics are the different processes that impact the states of the game during the gameplay (i.e. how 

the state diagram changes when the game system is 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 their respective design counterparts (see Figure 4).  

 

 

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

 

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

 Dynamics refers to the run-time behavior of the mechanics acting on player inputs and 

outputs over time; 
 Aesthetics is the desirable emotional responses evoked in the player, when s/he interacts 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 lesson plans. The game mechanics and dynamics would provide teachers with the option 

to pause the gamified activity to give more time to learners for discussions 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 define the 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 user interface design, pervasive engagement and gamified 

lesson plans. The Beaconing platform will link together formal, non formal and informal activities 
represented by missions and quests, and dependent on specific learning objectives.  
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4 TAXONOMY 

The aim of the Beaconing Taxonomy is to enable the Consortium to create and share gamified lesson 
plans over a common framework. The proposed Taxonomy reflects and focuses on the 21st 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 focuses on the skills needed for learners’ progress and development in an increasingly 

science and technology driven world. These skills will enable learners to pursue a career in STEM fields, 

including learning of STEM content and practices. There is a need to increase the number of learners, 
especially women, who study STEM-related degrees. It is also important that 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 lower secondary education. 

Informed and rational decision making in 21st century requires a certain level of scientific knowledge 

and STEM literacy. This refers to the knowledge and understanding of scientific and mathematical 

concepts and processes required for personal decision making, participation in civic and public affairs, 
and economic productivity for all 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 lesson plans, where learning is delivered in formal, informal 

and non-formal context breaking the barriers of space and time.  

4.1 SKILLS/COMPETENCIES 

The Consortium defines STEM competencies as the set of cognitive knowledge, skills, and abilities that 

are associated with the STEM disciplines. The Consortium pursues a growing interest in these 

competencies and skills 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-STEM disciplines in alignment with the Beaconing DoA.  

Different frameworks have been developed to address skills needed for life and career success by the 

Assessment and Teaching of 21st Century Skills (ATC21S, http://www.atc21s.org/) and Partnerships for 

21st 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 st 

century skills implementation requires the development of core academic subject knowledge and 

understanding. Skills such as critical thinking, problem solving, communication and collaboration are 
also considered essential.  

http://www.atc21s.org/)
http://www.p21.org/)
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Moreover, ATC21S proposes a model for assessments based on an analysis of the curriculum and 

assessment frameworks for the 21st Century Skills which are developed worldwide (Binkley et al.2010). 
Ten important skills were identified, divided into four main categories: 

1. Ways of Thinking (e.g. creativity and innovation, critical thinking, problem solving, decision 

making, learning to learn, meta-cognition); 
2. Ways of Working (e.g. communication, collaboration); 

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

4. Living in the World (e.g. citizenship, life and career, personal and social responsibility).  

In addition to this, 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, analyzing information and creative thinking); 
2. Social communication skills (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. System skills (descriptors: monitoring processes, judging quality, management);  

5. Time, resource, knowledge management skills.  

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 skills and disciplinary knowledge are also considered essential.  

All these STEM and non-STEM competencies should be included in the Beaconing framework in 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 skills in a purposeful way. Working through a number of challenges, learners will acquire 

knowledge and understanding in areas other than STEM and thus, develop skills needed for bridging 
the gap between STEM education and skills.  

4.2 LEARNING OBJECTIVES  

According to 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: 

http://www.gov.uk)/
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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 equipped with the scientific knowledge required to understand the uses and implications 
of science, today and for the future; 

4. Use science process and thinking skills; 
5. Manifest science interests and attitudes; 
6. Communicate effectively using science language and reasoning; 
7. Demonstrate awareness of the social and historical aspects of science.   

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 

people live, and employers are looking for individuals 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 

latest in technology.  

Through technology-based subjects, learners will:  

1. Demonstrate an understanding of emerging classroom technologies; 
2. Demonstrate knowledge, attitudes and skills of digital age work and learning; 
3. Plan, design and assess effective learning environments and experiences; 
4. Implement curriculum methods and strategies that use technology to maximize their learning; 
5. Apply technology to facilitate a variety of assessment and evaluation strategies; 
6. Understand the social, ethical and legal issues surrounding technology; 
7. Facilitate instruction in the new literacies that emerge within digital interactive learning 

environments. 

Technology and engineering may be challenging and not the easiest subjects to study but they are 

always in 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 for a rapidly changing technological 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 for example elderly people).  

An engineering-based education will enable learners to: 

1. Select and apply appropriate mathematical methods for modelling and analyzing engineering 

problems; 
2. Use scientific principles in the development of engineering solutions to practical problems; 

3. Use scientific principles in the 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. Apply and adapt design methodologies in unfamiliar situations.   

Mathematics is a creative and cross-disciplined subject that provides solutions to the most challenging 

problems. Mathematics is essential and necessary for everyday life, economy, employability, science, 
engineering and technology. A mathematics-based education will provide learners with a solid 

understanding of the world and the ability to reason mathematically and 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 enable learners to: 

1. Develop fluent knowledge, skills and understanding of mathematical methods and concepts; 

2. Acquire, select and apply mathematical techniques to solve problems; 

3. Reason mathematically, make deductions and inferences and draw conclusions; 
4. Comprehend, interpret and communicate mathematical information in a variety of forms 

appropriate to the information and context. 

Learners should be able to: 

1. Use and apply standard techniques to: 

 Accurately recall facts, terminology and definitions; 

 Use and interpret notation correctly; 
 Accurately carry out routine procedures or set tasks requiring multi -step solutions. 

2. Reason, interpret and communicate mathematically to: 

 Make deductions, inferences and draw conclusions from mathematical information; 
 Construct chains of reasoning to achieve a given result; 

 Interpret and communicate information accurately; 

 Present arguments and proofs; 
 Assess the validity of an argument and critically evaluate a given way of presenting 

information. 

3. Solve problems within mathematics and other contexts to: 
 Translate problems in mathematical or non-mathematical contexts into a process or 

a series of mathematical processes; 

 Make and use connections between different parts of mathematics; 

 Interpret results in the context of the given problem; 
 Evaluate methods used and results obtained; 

 Evaluate solutions to identify how they may have been affected by assumptions 

made.  

4.3 TIME ALLOCATION 

Even there is a high variability in the educational approaches in Europe, schools usually have legal and 
statutory requirements for the time allocated to subjects. Governments determine the time allocation 

for school programs in the STEM learning areas and subjects and the Beaconing platform should 

support the recommended curriculum time allocations for the implementation of the gamified lesson 
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 their lessons and allocate 

the specific time for those, they should identify the specific learning 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).  

http://www.gov.uk)/
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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 their ideas, views and arguments. Individual 
activities enable students to work on their own 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 when they work in pairs or small groups as they can discuss, compare the ir answers 
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. Homework is shared and thus the work load 
is decreased.  

4.5 PLACES OF INTEREST 

The gamified learning activities can be undertaken within a formal 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 after school assignment/homework to workplace internships. 

The gamified activities can take place:  

1. School (e.g. classroom, lab, ICT room); 
2. Home;  

3. Out and about (e.g. park, museum, zoo, science centers). 

 

 

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 get involved in the gamified activities in 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 among learners. Games and exercises available for computers, mobile devices and 
tablets will also help teachers to easily assess 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, it is important that 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 levels of proficiency.  The evidence that learners 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 peer review and discussion, or for 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 as a 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, learners 

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 external 

factors) stimulates learners to be continually interested and committed to study and learn, and to 
make an effort to retain their goals over time. Even though teachers promote intrinsic motivation to 

learners, there are cases when some form of stimulus or extra motivation is required in order learners 

to engage with the 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 

immediate reward encourages learners to try harder and perform better, while a study [1] argues that 

rewards empower learners to demonstrate all of their abilities and capabilities, something that would 
not happen without an extrinsic motivation. The recent years, a great emphasis has been given only 

on positive incentives and rewards (rather than on punishments or sanct ions), which fosters learners’ 

attention, concentration and engagement.  

But, there are teachers, who believe and argue that rewards undervalue learning, produce short-term 

changes and serve as motivators only if 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’t undermine learners’ intrinsic motivation for learning and 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 for learning that maintain learners’ attention and 

interest, and learners become active participants and decision makers. Different incentive 
mechanisms are introduced to the learning environments to promote the learners’ engagement and 

influence their behavior (learners become more willing and able to adapt their behavior).  

The Beaconing reward system will be designed in such a way to motivate learners by recognizing their 
effort and hard work. Integrating features such as leaderboards, achievements, milestones and 

certifications, learning and 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, passes to zoo/museum/aquarium which encourage outside of 

the classroom activities, and so on. Teachers should apply the correct rewards in each specific learning 
context and the rewards should be used in different ways to lead learners to change.  

The Beaconing platform will provide different mechanics for strong learners’ 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 prepared for lifelong learning.  

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 emphasis 
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 systems and Wi-Fi will support the data flow for both indoor 
and outdoor communication to the platform. When learners are within a specific location, Beacons 
will act as a trigger for context-aware systems, and then relevant information 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, electronic whiteboard 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 learners with 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 platform is for instance, the “whack a mole” 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 bui ld different structures and 

comprehend the impact of each individual action.  “Puzzle” games  (Walker and James, 1999) test the 

http://thelastweblog.com/20111222/whats-the-best-definition-of-pervasive-gaming/)
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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” (Baxter et al., 1999) learners can explore various learning possibilities and opportunities, 

while in “adventure” games (Moser, 1997) learners are the protagonists in an interactive story with 

challenges, exploration and problem-solving.  

 



 

 

 

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 designed to support teachers 

in designing location-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 a shared framework for assessment and discussion, and will also promote the creation of 

communities both for teachers and learners to support the 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 specific needs. 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 
teachers in creating their gamified lesson plans based on specific context 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 in the Beaconing Authoring Tool.  

 Skills/Competencies: The Beaconing competency framework focuses on trans-discipline 
STEM subjects and tries to connect them with other 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, advanced and mastery) and will be linked to a simple game Taxonomy to 

help teachers select the most appropriate activities (mini games or real-world gamified 

activities) for specific learning objectives.  
 

Examples: Logical reasoning, teamwork, planning, critical thinking 

 
 Learning Objectives: The learning objectives will focus on a more specific and disciplinary level 

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 that these objectives will support.  

 
Examples: Science communication, mathematical modelling, technology application  

 

 Time: The Beaconing Authoring Tool enables teachers to 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 forms of homework may arise (e.g. 

flipped classroom). The Beaconing platform supports 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 individual learner’s needs.  

 
Examples: 10 minutes, 1 hour, 1 week, 1 month 
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 Participants: Beaconing’s objective is to extend the learning experience and involve in that 

leaners, teachers and/or parents. Depending on the gamified lesson plan context, learners will 
engage with people outside the formal school settings. 

 

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

 Location: Location is dependent on the requirements of each individual gamified lesson plan. 

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 
 

 Tools/Resources: For each gamified play lesson, different tools and resources will be available 

to learners. These tools may be explicitly needed and be available only within the school or 
college settings, or may only be a support.  

 

Examples: cellphones, microscope, pen and paper, instructional videos 
 

 Evidence: Evidence is closely connected to teachers’ feedback and peer review. The Beaconing 

mini games will be supported by an automated feedback which will quantify and score specific 
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 
 

 Rewards: Rewards are the high level feedback that will link the individual gamified activities 

to the overarching narrative and meta-game experience. The Beaconing platform will provide 
points and collectables such as virtual objects found in the game environment or 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 for local google branch visit  

 
 Location-Based Technologies: Beaconing’s objective to break the traditional limits of learning 

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, “virtual beacons”, QR codes  

 
 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 and the time taken for the completion.  Each skill/competency has specific weights/measures 

that will be defined by teachers and we number these weights from 0 to 1 (i.e. 0.1 x s1 + 0.2 x s2 + 0.7 

x s3), and they should accumulate to a score of 1 in order to secure a balance between the different 
skills/competencies. The criteria that would determine how these scores are achieved will be based 

on specific measures for the 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 complete different quests in different missions. Figure 7 presents a simple example of how the 

criteria are used in order for a quest to be completed (s2 is obtained 100% when the learner completes 

the quest 2 (Q2) in mission 2 (M2) whereas s1 is obtained 100% when the learner fully completes 
quest 1 (Q1), quest 2 (Q2) and quest 3 (Q3) in mission 1 (M1)). The different levels 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 for the 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 

accordingly in an 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 mission template and 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 further work as they will possibly link to activities in Task 3.4, Task 3.5 and Task 4.7. The scenarios 
presented below tackle different learning objectives and have been select to show the variety of the 

play-lesson scenarios the Beaconing platform can support. The scenario on Basic Algebraic Skills 

provided by ORT tries to address the algebraic difficulties that high school students face, whereas the 
stonemasonry scenario by HWU focuses on vocational training.  The rest of the scenarios are 

presented in the Appendix.   

The example scenarios are: 

1. Basic Algebraic Skills – ORT (pilots in France and Greece) 

2. Stonemasonry – HWU (pilots in UK) 

3. Digital Literacy – ORT (pilots in France and Greece) 
4. Physics – SIVECO (pilots in Romania) 

5. Chemistry applied to Environmental Health – IMA (pilots in Italy) 

6. Organising and Distributing Data – SEBIT (pilots in Turkey) 
7. Energy Management – COVUNI (pilots in UK) 

8. Graph Theory and Tessellation – COVUNI (pilots in UK) 

9. Basic Geometry Skills – SIVECO (pilots in Romania) 
10. Water Management – COVUNI (pilots in UK) 

6.1 PROPOSED PLAY-LESSON PATH AND MISSION TEMPLATE 

 

Figure 8 - Proposed Play-Lesson Path 
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Figure 9 - Proposed Mission Template 

6.2 BASIC ALGEBRAIC SKILLS – ORT FRANCE 

 

Figure 10 - Basic Algebraic Play-Lesson Path 
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Figure 11 - Basic Algebraic Taxonomy 

 

Figure 12 - Mission A (The 4 basic operations) 
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Figure 13 - Mission B (Proportionality and cross-multiplication) 

 

Figure 14 - Mission C (Divisibility rules) 
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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 
engagement with the teachers in France and Greece.  

 

Figure 16 - Learners' progress in Basic algebraic skills 



 

D3.3 – Learning Environment System Specification 

BEACONING   Page 35 of 63 

6.3 STONEMASONRY – HWU UK (VOCATIONAL TRAINING) 

 

Figure 17 - Stonemasonry Play-Lesson Path 

 

 

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

 

Figure 19 - Mission B (Adopting industry relevant, safe, and healthy working practices) 
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Figure 20 - Mission C (Select/quantify resources) 

 

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

 

The following figure (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 teachers in Scotland, UK.  

 

 

Figure 22 - Learners' progress in Stonemasonry 

 

 



 

D3.3 – Learning Environment System Specification 

BEACONING   Page 37 of 63 

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 (either small or large scale). A cross-subject and 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 tools in order 
to solve puzzles or complete challenges. 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 design in Task 3.4, the technical specification 

in Task 3.5 and the gamified lesson plan integration in 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-learn 
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), 
required technologies, mini games and other resources. 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.  



 

D3.3 – Learning Environment System Specification 

BEACONING   Page 38 of 63 

8 REFERENCES 

[1] Ahdoot, Ned. "Interactive movement and contact simulation game." U.S. Patent No. 5,913,727. 22 
Jun. 1999. 

[2] Arnab, Sylvester, et al. "Mapping learning and game mechanics for serious games 
analysis." British Journal of Educational Technology  46.2 (2015): 391-411. 

[3] Arnab, S., & Clarke, S. (2016). Towards a trans‐disciplinary methodology for a game‐based 

intervention development process. British Journal of Educational Technology. 

[4] ATE, NSF. "21st Century Skills: How can you prepare students for the new Global Economy?" (2010). 

[5] Baxter, Jonathan, Andrew Tridgell, and Lex Weaver. "Knightcap: a chess program that learns by 

combining td (lambda) with game-tree search." arXiv preprint cs/9901002 (1999). 

[6] R. Baptista, R. Nóbrega, A. Coelho, C. Vaz de Carvalho (2015) LOCATION-BASED TOURISM IN-GAME 

CERTIFICATION, INTED2015 Proceedings, pp. 3602-3610. 

[7] Barrows, Howard S., and Robyn M. Tamblyn. Problem-based learning: An approach to medical 
education. Springer Publishing Company, 1980. 

[8] Binkley, M., Erstad, O., Hermna, J., Raizen, S., Ripley, M., Miller-Ricci, M., & Rumble, M. (2012).  

Defining Twenty-First Century Skills. In Griffin, P., Care, E., & McGaw, B. Assessment and Teaching of 
21st Century Skills, Dordrecht, Springer.  

[9] Bunchball, I. (2010). Gamification 101: An introduction to the use of game dynamics to influence 

behavior. White paper. 

[10] Chou, Y. K. (2015). Actionable Gamification: Beyond Points, Badges, and Leaderboards . Octalysis 

Media. 

[11] Conway, J., and Penny Little. "Adopting PBL as the preferred institutional approach to teaching 
and learning: Considerations and challenges." Journal on Excellence in College Teaching 11.2/3 (2000): 

11-26. 

[12] Davies, Leah. "Rewards in the Classroom." Retrieve May 8 (2008): 2008. 

[13] De Byl, Penny, and James Hooper. "Key attributes of engagement in a gamified learning 

environment." Proceedings of 30th Conference of Australasian Society for Computers in Learning in 

Tertiary Education (ASCILITE). Sydney, Australia: ASCILITE, 2013. 

[14] Deterding, S., Dixon, D., Khaled, R., & Nacke, L. (2011, September). From game design elements 

to gamefulness: defining gamification. In Proceedings of the 15th international academic MindTrek 

conference: Envisioning future media environments (pp. 9-15). ACM. 

[15] Dolmans, D.H., W. De Grave, I.H. Wolfhagen, and C.P. Van der Vleuten. 2005. Problem-based 

learning: future challenges for educational practice and research. Medical Education 39: 732–41. 

[16] European ParliamentCouncil of Europe, 2006. Key Competences for Lifelong Learning. pp.1–16. 
http://eur-lex.europa.eu/LexUriServ/site/en/oj/2006/l_394/l_ 39420061230en00100018.pdf. 

[17] Falk, H.J. and Dierking, D.L. (2000) Learning from Museums: Visitor Experiences and the Making 

of Meaning, Walnut Creek, Altamira Press.  

[18] Hamari, J., Koivisto, J., & Sarsa, H. (2014, January). Does gamification work?-a literature review of 

empirical studies on gamification. In 2014 47th Hawaii International Conference on System 

Sciences (pp. 3025-3034). IEEE. 



 

D3.3 – Learning Environment System Specification 

BEACONING   Page 39 of 63 

[19] Harteveld, Casper. Triadic game design: Balancing reality, meaning and play . Springer Science & 

Business Media, 2011. 

[20] Horner, Robert H., and Scott A. Spaulding. "psychology of classroom Learning: An Encyclopedia." 

[21] Hunicke, Robin, Marc LeBlanc, and Robert Zubek. "MDA: A formal approach to game design and 

game research." Proceedings of the AAAI Workshop on Challenges in Game AI . Vol. 4. 2004. 

[22] Ito, M., Jenkins, H., Boyd, D. (2015). Participatory Culture in a Networked Era: A Conversation on 

Youth, Learning, Commerce, and Politics. Polity. 

[23] Jang, H., 2015. Identifying 21st century STEM competencies using workplace data. Journal of 
Science Education and Technology, pp.1–33. 

[24] Järvinen, Aki. Games without frontiers: Theories and methods for game studies and design. 

Tampere University Press, 2008. 

[25] Koenig Anderson, J., 2011. Assessing 21st Century Skills, Washington, D.C.: National Academies 

Press. 

[26] Lave, J., & Wenger, E. (1991). Situated learning: Legitimate peripheral participation. Cambridge 
university press. 

[27] Levitt, Steven D., et al. The behavioralist goes to school: Leveraging behavioral economics to 

improve educational performance. No. w18165. National Bureau of Economic Research, 2012. 

[28] Lim, T., et al. "Strategies for effective digital games development and implementation." Cases on 

digital game-based learning: Methods, models, and strategies (2013): 168-198. 

[29] Maynes-Aminzade, Dan, Randy Pausch, and Steve Seitz. "Techniques for interactive audience 
participation." Proceedings of the 4th IEEE International Conference on Multimodal Interfaces. IEEE 

Computer Society, 2002. 

[30] McGonigal, J. (2011). Reality is broken: Why games make us better and how they can change the 
world. Penguin. 

[31] Montola, M., Stenros, J., & Waern, A. (2009). Pervasive games: theory and design. Morgan 

Kaufmann Publishers Inc. 

[32] Moser, Robert. "A fantasy adventure game as a learning environment: why learning to program 

is so difficult and what can be done about it." ACM SIGCSE Bulletin. Vol. 29. No. 3. ACM, 1997. 

[33] National Research Council. (1996). National science education standards. Washington, DC: 
National Academy Press. 

[34] Partnership for 21st Century Skills, 2015. 21st Century Skills, Education & Competitiveness. 

[35] Pontefract, D. (2013). Flat army: Creating a connected and engaged organization . John Wiley & 
Sons. 

[36] Ribeiro, Daniel Tiago, and Mário André Ventura. "What about a gamified learning 

environment?" Proceedings in EIIC-The 2nd Electronic International Interdisciplinary Conference. No. 
1. 2013. 

[37] Savery, J.R. & Duffy, T.M., 2001. Problem Based Learning: An instructional model and its 

constructivist framework, Centre for Research on Learning and Technology. 

[38] Savin-Baden, M., 2000. Problem-based Learning in Higher Education: Untold Stories, SRHE and 

Open University Press. 

[39] Savin-Baden, Maggi. A practical guide to problem-based learning online. Routledge, 2007. 



 

D3.3 – Learning Environment System Specification 

BEACONING   Page 40 of 63 

[40] Selten, Reinhard. "Bounded rationality." Journal of Institutional and Theoretical Economics 

(JITE)/Zeitschrift für die gesamte Staatswissenschaft146.4 (1990): 649-658. 

[41] Sharpe, R., Beetham, H., & De Freitas, S. (2010). Rethinking learning for a digital age: How learners 

are shaping their own experiences. Routledge. 

[42] Shuib, L., Shamshirband, S., & Ismail, M. H. (2015). A review of mobile pervasive learning: 
Applications and issues. Computers in Human Behavior, 46, 239-244. 

[43] Stewart, J., Bleumers, L., Van Looy, J., Mariën, I., All, A., Schurmans, D., ... & Misuraca, G. (2013). 

The potential of digital games for empowerment and social inclusion of groups at risk of social and 
economic exclusion: evidence and opportunity for policy.  Joint Research Centre, European 

Commission. 

[44] Upton, B. (2015). The Aesthetic of Play. MIT Press 

[45] Vygotsky, L. S. (1980). Mind in society: The development of higher psychological processes. 

Harvard university press. 

[46] Wagner, Tony. The Global Achievement Gap: Updated edition. Perseus Books Group, 2014. 

[47] Walker, Jay S., and James Jorasch. "Electronic word puzzle game." U.S. Patent No. 5,921,864. 13 

Jul. 1999. 

[48] Walz, S. P., & Deterding, S. (2015). The gameful world: Approaches, issues, applications. Mit Press. 

[49] Weibull, Jörgen W. Evolutionary game theory. MIT press, 1997. 

[50] Whitton, N. (2014). Digital games and learning: Research and theory. Routledge. 

[51] Wilson, G. B. (1996) Constructivist Learning Environments: Case Studies in Instructional Design. 

[52] Zichermann, G., & Cunningham, C. (2011). Gamification by design. Sebastobol, CA: O’Reilly Media. 

 

 



 

D3.3 – Learning Environment System Specification 

BEACONING   Page 41 of 63 

9 APPENDIX 

9.1 DIGITAL LITERACY – ORT FRANCE 

 

Figure 23 - Digital Literacy Play-Lesson Path 

 

Figure 24 - Digital Literacy Taxonomy 
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Figure 25 - Mission A (Understanding the concept of digital identities)  

 

Figure 26 - Mission B (Understanding the management of digital identities)  
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Figure 27 - Mission C (Creating a presentation) 

 

 

Figure 28 - Mission D (How to protect personal data) 
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9.2 PHYSICS – SIVECO ROMANIA  

 

Figure 29 - Physics Play-Lesson Path 

 

Figure 30 - Mission A (Studying the power plants) 
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9.3 CHEMISTRY APPLIED TO ENVIRONMENTAL HEALTH – IMA ITALY 

 

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

 

Figure 32 - Mission A (The environment big killers) 
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Figure 33 - Mission B (Catch environment big killers in town and learn how to beat them)  

 

Figure 34 - Mission C (Video reportage of chemistry applied to environment)  
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9.4 ORGANISING AND DISTRIBUTING DATA – SEBIT TURKEY 

 

Figure 35 - Organising and Distributing Data Play-Lesson Path 

 

 

Figure 36 - Organising and Distributing Data Taxonomy 
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Figure 37 - Mission A (Tendency of data and presenting data) 

 

 

Figure 38 - Mission B (Obtain data from various sources to record the largest discrepancy between 
central tendencies) 
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Figure 39 - Mission C (Relate source and tendency) 

 

 

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

 

Figure 41 - Energy Management Play-Lesson Path 

 

 

Figure 42 - Mission A (What is energy) 
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Figure 43 - Mission B1 (Energy Conservation) 

 

Figure 44 - Mission B2 (The energy of light) 
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Figure 45 - Mission C (Get charged) 

 

 

Figure 46 - Mission D (The energy of music) 
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9.6 GRAPH THEORY AND TESSELLATION – COVUNI UK 

 

Figure 47 - Graph Theory and Tessellation Play-Lesson Path 

 

Figure 48 - Mission B1 (Geometry scavenger hunt) 
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Figure 49 - Mission B1 (CityShapes) 

 

 

Figure 50 - Mission B2 (Wildflows) 
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Figure 51 - Mission C (Land Graffiti) 

 

 

Figure 52 - Mission D (Crowd mapping) 
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9.7 BASIC GEOMETRY SKILLS – SIVECO ROMANIA 

 

Figure 53 - Basic Geometry Skills Play-Lesson Path 

 

 

Figure 54 - Basic Geometry Skills Play-Lesson Path (cont’d) 
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Figure 55 - Mission A (Geometric figures and bodies studied) 

 

 

Figure 56 - Mission B (Representation of geometric shapes) 
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Figure 57 - Mission C (Proper use of calculation formulas)  

 

9.8 WATER MANAGEMENT – COVUNI UK 

 

Figure 58 - Water Management Play-Lesson Path 
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Figure 59 - Water Management Taxonomy 

 

Figure 60 - Mission A (The water cycle in theory) 
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Figure 61 - Mission B (Water management at home and school) 

 

Figure 62 - Mission C (Water management in my town) 
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Figure 63 - Mission D (The water cycle out there) 

 

9.9 SPREADSHEET – BREAKING DOWN LEARNING SCENARIOS 

 

Figure 64 - Spreadsheet part 1 
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Figure 65 - Spreadsheet part 2 

 

 

Figure 66 - Spreadsheet part 3 

 

 

Figure 67 - Spreadsheet part 4 
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Figure 68 - Spreadsheet part 5 

 


