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Abstract

To meet the demands of “Big-G” GBL for complex issues (e.g., sustainability), the paper identifies
four design gaps—conceptual robustness, scientific precision, technical realizability, and practical
adaptability—insufficiently addressed by current methods. It proposes a“ludonarrative universe”model:
amulti-dimensional system spanning nested media (supersystems), ecological counterparts (competing
elements), meta-gaming layers, and experiential layers (world, storytelling, assets/Ul) grounded in game-
loop theory. The model claims to be comprehensive, systemic, scale-invariant, and modular, enabling
early verification and validation (V&V) and agile evolution. A research plan outlines co-designed
case studies, a domain-specific language, and automated V&V to test and generalize the model..
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1. Introduction

Today’s wicked issues, such as climate change, force us to learn about them and their mitigation methods
(Lehtonen et al., 2018). Such complex learning processes call for ludonarrative media, such as digital role-
playing games (Mao et al., 2022). Guided by game science (Klabbers, 2018), these media can reach their
full educational potential by encompassing gaming, i.e., the “small-g game,” and its various surrounding
activities, such as pre- and post-game discussions, to realize the “Big-G game” (Gee, 2024).

However, there are urgent gaps regarding designing ludonarrative media for game-based learning (GBL).
Firstly, their design necessitates transdisciplinary teamwork, which frequently struggles with conceptual
robustness due to the divergence of theories and methods (Boon et al., 2014). Complicating the matter,
a conceptually robust design may not reflect the end product as a technological artifact (Jongeling et al.,
2022), thus lacking scientific precision for its validation and verification (V&V) and technical realizability
with which to turn it into a usable system. There is also a fourth problem of practical adaptability concerning
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design evolution that maintains existing functionality (Goel & Ratneshwer, 2023).

Current methods, such as the Learning Mechanics-Game Mechanics model (Arnab et al., 2015) and
the RAGE framework (Westera et al., 2019), solve these problems only partially. Yet, it is imperative to
address the four problems equally. Firstly, they correspond with the fundamentals of game science: its
philosophical, scientific, and applicative aspects (Klabbers, 2018). Secondly, their joint contribution to the
product’s complexity and, in turn, costs scales exponentially (Chapman et al., 2001; Ogheneovo, 2014).
Being the pinnacle of learning technology, Big-G GBL is thus most susceptible to this cost explosion, barring
stakeholders with limited resources, primarily those from developing countries, from utilizing it to solve
Sustainable Development Goals 4 (quality education) and 10 (reduced inequality).

My ludonarrative universe model can potentially solve the four problems. I will discuss the model, its
strengths, and my plan for doctoral research on the model.

2.The Ludonarrative Universe Model

Following the established Game Loop theory (Deterding, 2015) as seen in Figure 1, the model consists of,
first and foremost, ludonarrative media as dynamical systems. The media’s organization will then occupy
four dimensions. Firstly, similar to nested games (Distefano & D’Alessandro, 2021), a set of ludonarrative
media can jointly operate as a supersystem, letting the player explore a complex subject’s hierarchical
intricacy. Secondly, like megagames (Johansson et al., 2023), any ludonarrative medium can have ecological
counterparts with which it conflicts or competes, representing the tension between the subject’s elements,
including its multiple interpretations. Thirdly, the player can manage the media and their conflicts through
layers of metagaming (Klabbers, 2018). While these three dimensions already accommodate in-game and
out-of-game activities, the last one rounds the technology out by letting each ludonarrative medium optimize
player experience through cognitive, affective, and sensorimotor domain-related layers: (1) a world layer
that simplifies the learning subject without incorrectly representing it, (2) a storytelling layer that engagingly
and empathetically delivers the world, and (3) an asset and UI layer that sensorily manifests the storytelling
and lets the player control it (Atmaja & Sugiarto, 2022). Figure 2 illustrates this experiential arrangement.
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Figure 1. The game loop model (Deterding, 2015)
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Figure 2. A ludonarrative medium’s optimal experiential arrangement

Figure 3 illustrates a 4D ludonarrative universe. Together, its four ludonarrative dimensions may realize a
robust, precise, realizable, and adaptable Big-G GBL due to being:

1. Conceptually comprehensive: According to my cross-disciplinary literature review (Atmaja et al., 2024),
the four dimensions quite possibly encompass the entire conceptual space of ludonarrative media, their
finer-grained elements, and their discipline- or industry-specific use cases.

2. Fundamentally systemic: This quality allows the scientifically precise V&V of the universe from the
beginning of its design process, aligning with the state of the art in model-based software engineering
(Cederbladh et al., 2024).

3. Scale-invariant: The universe’s four dimensions serve as a structure that always remains regardless of
the universe’s scale, thus cutting across design phases and levels of detail. This way, the currently active
phase needs only to flesh out the preceding phase’s output without radically changing its structure,
easing the universe’s realization.

4. Modular: Another common characteristic of systems is modularity, which balances cooperation with
individual independence. For this reason, the ludonarrative universe may agilely adapt to a wide range
of use cases due to exhibiting a “plug-and-play” quality, which eases removing existing elements and
adding new ones.
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Figure 3. An illustration of a 4D ludonarrative universe and its interaction with the player



3. Research Plan

My doctoral research will investigate the model’s potential through a case study of Big-G GBL on sustainability,
whose interconnectedness warrants the four ludonarrative dimensions (Lehtonen et al., 2018). Specifically,
my research will (1) verify the model’s four strengths, (2) identify ways to optimize the strengths, and (3)
generalize the case study to other use cases of the model (Flyvbjerg, 2006).

The case study will consist of two phases, each adopting design science research (Peffers et al., 2007).
Firstly, I will iteratively and gradually, one level of detail at a time, co-design and co-evaluate, with relevant
stakeholders and experts, a 4D ludonarrative universe for Big-G GBL on personal sustainability. The
universe’s expected constituents are games with interconnected, i.e., hierarchical and ecological, mechanics
and narratives accompanied by analytics and rule management modules for metagaming and meta-
metagaming (Boluk & LeMieux, 2017). The second phase afterward expands the universe for the larger
issue of community sustainability.

Simultaneously, I will use a domain-specific language (DSL) to formally specify the universe’s design
(Cederbladh et al., 2024). A V&V module will then execute the specification to check for its violations of
gameplay and learning requirements. Furthermore, to support the entire co-design process, the DSL and
V&V module will accommodate multiple levels of design detail.

4, Conclusion

I have discussed the ludonarrative universe model and my plan for doctoral research on its use for designing
robust, precise, realizable, and adaptable Big-G GBL. Through a case study and design science research, I
intend to realize the model’s potential to make Big-G GBL affordable for all.
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