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Abstract
Game-based learning (GBL) is a common approach to teach computational thinking skills to children, as it
increases engagement and student motivation. In the literature, the video game Minecraft is steadily gaining
popularity as a teaching environment in this context. In this paper, we look at how Minecraft can be used to
teach logical thinking instead. We outline a few ideas for pedagogical applications within Minecraft, and discuss
two of these in detail. In general, we think Minecraft forms an excellent environment for teaching logic, logic
programming, and logical thinking, warranting future research on the development of pedagogical material.

Keywords
Logic Programming, Education, Minecraft, Logical Thinking, Game-based Learning

1. Introduction

Logical thinking is an important skill in our everyday life. Being able to correctly and consciously
reason over a problem by, e.g., explicitly applying rules to deduce or verify new information, is a
cornerstone of many scientific fields, such as mathematics, philosophy, computer science, Artificial
Intelligence, and more. Moreover, by training our reasoning skills we become more aware of logical
fallacies and reasoning biases. This makes logic and logical reasoning a skill worth sharpening in
younger generations.

In recent decennia, we have seen a similar push for the teaching of Computational Thinking (CT) as
a skill that transcends disciplines. However, while high-quality material on teaching CT is plentiful,
there is an obvious shortage of good material on teaching logic, especially when targeting younger age
groups. We believe this is due to two main reasons:

1. Logic does not do anything. Compared to interactive programming environments such as Scratch,
in which players can program small games, pure logic is boring and therefore difficult to focus on.

2. Logic has a steep learning curve, and can be tricky to conceptualize without prior experience.
Moreover, logic typically relies on mathematical symbols such as ∀, ∃,⇒, . . ., which might scare
off younger audiences.

These difficulties make designing captivating material on teaching logic and/or logical thinking for
K-12 challenging. Still, we have recently seen renewed interest in teaching logic, with works such
as [1, 2, 3, 4, 5, 6, 7] presenting various creative methods for doing so.

An important aspect of teaching material in general is whether it succeeds in capturing the attention
of children. If the examples and exercises are not sufficiently engaging, they might risk losing interest
as soon as the material becomes too difficult. To prevent this loss of attention, teaching through (video)
games is an increasingly popular approach. In fact, in the context of CT education for K-12, this is
nowadays already quite common.
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Figure 1: Screenshot of a house in Minecraft, built by the author’s 10-year-old niece.

Based on this, it is clear that a game-based learning approach for logic would also help increase
engagement. Therefore, in this paper, we present some concrete ideas on how the hit video game
Minecraft, one of the all-time best-sellers, could be used to teaching logic, logical thinking, and/or logic
programming by finding existing Minecraft application of typical logical examples.

2. Minecraft and its Application in Education

Released in 2011, Minecraft is voxel-based sandbox game that has taken the world by storm, quickly
becoming one of the most played video games in history. In this game, the world is built up of cubes
of different types (e.g., stone, dirt, wood, . . .). By “sandbox game” we mean that, like a sandbox at a
playground, there is no pre-defined end-goal to be achieved. Players are free to play the game in whatever
way they enjoy most, which is typically a mix of exploring the world, collecting various resources, and
building constructions (e.g., the house in Fig. 1). The game itself is also highly extensible, featuring
an active community of people developing mods, which extend Minecraft with custom functionalities.
Thanks to this open and diverse environment, Minecraft offers endless fun and forms a great creative
outlet for children.

Given the game’s popularity and malleability, educators have started studying possible roles for
Minecraft as part of game-based learning (GBL) [8]. The main idea in GBL is to use games to teach
concepts, so that children will feel more motivated, and therefore have a better time engaging with
the material. By playing the game, they become completely submerged in the material, and can “learn
through osmosis”. GBL has a strong history in the pedagogical theory of constructionism [9], which
emphasizes learning through experience.

According to a recent literature review [10], Minecraft is steadily gaining popularity within education
research, showing a rising trend year after year. Indeed, thanks to its “sandbox”-nature, the game lends
itself well to teaching a wide variety of concepts. For instance, [11] shows how activities in Minecraft
can be used to teach real-life skills; e.g., by analysing the in-game random fishing mechanic, students
learn about data-gathering and probabilistic events. Similarly, [12] presents a Minecraft mod to simulate
flooding, used to teach about flood risks and flood mitigation strategies in building construction. For
more examples, we refer to [10, 13, 14].

Minecraft is also a popular environment within the context of CT education. For instance, [15]
introduced a mod to allow programming in-game robots in the Lua language, and [16] created a mod



to program robots through Minecraft’s blocks. Both conclude that children thoroughly enjoyed these
experiences, leading to an increased interest in programming.

Mojang, the company behind Minecraft, has also published a version specifically intended for the
classroom, called Minecraft: Education Edition (MEE). As part of MEE, children can learn programming
by writing programs directly inside Minecraft, through either the Python programming language, or a
drag-and-drop blocks-based language similar to Scratch [17] and Blockly [18]. Children find this way
of learning highly enjoyable [19, 20], with the blocks-based formalism particularly successful when
targeting a younger learning audience. However, while some research reports that CT concepts can be
learned effectively [21, 22], others report a lack of conceptual understanding in the children [23]. In
general, literature so far has only tested a limited number of students, and more extensive experiments
are required to draw concrete conclusions.

3. How Minecraft can Support Logic

As far as we are aware, there is no similar academic literature on Minecraft for teaching logic, logical
thinking, or logic programming. The closest we have been able to find is [14], which briefly explains
how children can learn boolean gate logic (AND, OR, XOR, . . .). Still, we feel that Minecraft holds the
potential for much more. In what follows, we outline two concrete examples, and briefly touch on a
range of others.

3.1. Path Planning

In Minecraft, worlds are populated by both friendly and hostile non-playable characters, i.e., entities
within the games that the player can interact with. These entities also come with their own behavior,
allowing them to react to the player but also to each other. For instance, if a hostile zombie character
sees a friendly villager, it will try to attack it. The zombie can only attack the villager when right next
to it, so it must first find a path to reach it, as shown in Fig. 2a. Interestingly, we see similar path
finding applications in logic programming as well, for instance in fields such as Multi-Agent Planning
Systems [24].

Using the example of zombie pathing, we could develop course material in which we systematically
abstract away the details to get to a formal representation of the problem, and solve it using logic
programming. Children can be coached to think about this problem themselves by asking the right
questions, such as “Standing on block 𝑏, where can the zombie go to?” and “If he moves to an adjacent
block, which blocks are reachable then?”. Together with drawn abstractions (e.g. Fig. 2d), they could
come up with a definition of reachability in their own words without even realising it. For instance,
they might come up with:

A block is reachable if it is next to block b.
A block is reachable if it is next to a block c that is reachable from block b.

As a next step, children can formalise this definition in a logic programming language. Depending on
their age group, they could write the code directly, or use a more child-friendly “syntax-less front-end”
such as a blocks-based notation or a Controlled Natural Language (CNL) [25]. Blocks-based notations
for logic (programming), like Blockly Prolog [26], Blawx [27] and similar, have proven to work well
for younger children which might struggle with typing or rigid syntaxes [28, 29]. Alternatively, a
domain-specific CNL for path finding could also offer a low-barrier formalism for children that can
allow expressions closer to the ones they came up with in natural language. Importantly, independent
of the formalism, they can always fall back on their knowledge of Minecraft and their drawing as a
conceptual model to help in the formalization. A natural Prolog translation for the example sentences
can be as follows:

r e a c h a b l e (X ) : − n e x t _ t o ( b , X )
r e a c h a b l e (X ) : − r e a c h a b l e ( C ) , n e x t _ t o ( C , X) .



(a) Straight path (b) Pathfinding around lava
(c) Path finding through water, which

has a cost associated to it

(d) Abstract path of Fig. 2a (e) Abstract path of Fig. 2b (f) Weight map of Fig. 2c

Figure 2: Pathfinding examples of a Zombie (Z) going to a Villager (V). Green blocks indicate the Zombie’s path.

Using visualisations in Minecraft, or just with pen and paper, children can then verify the correctness
of their formalization. This approach of (i) introducing a concept, (ii) abstracting away unneeded details,
(iii) expressing it in natural language and (iv) formalizing in a formal languages can be repeated multiple
times with slightly increased complexity. For example:

• Expressing the reachability relation
• Finding a path from the zombie to the villager using the reachability relation
• Finding an optimal path (i.e., shortest route)
• Path finding around impossible terrain such as lava (Fig. 2b and Fig. 2e)
• Weighted path finding, like the actual zombie path implementation (Fig. 2c and Fig. 2f).

Each step builds further on the previous, but adds additional complexity to challenge the kids and
keep them interested. If all goes well, by the end they’ll have modelled the path planning as implemented
in Minecraft. Moreover, they might be comfortable enough in the problem domain to try to expand
upon it, or model the path finding of other entities.

To make learning maximally engaging, we could develop a mod to directly couple the logic program
to the in-game zombie behavior. In this way, children can not only come up with pathing behavior, but
also see it in action in the digital world.

3.2. Item Sorting

In version 1.21.9, Minecraft added a new non-hostile entity: the Copper Golem (Fig. 3a). As players
continue playing in a world, they will typically collect a great number of resources, which they will



(a) A Copper Golem has taken feathers out of the
copper chest, looking to store it in a normal chest. (b) Example of an item sorting flowchart.

Figure 3: Copper Golem and its behavior.

safely store away in chests. Copper golems can help to keep chests organized by automatically sorting
items placed in their copper chest directly in the players’ chests. After a player deposits their items in
the copper chest, the golem sorts them using a simple algorithm:

1. Grab item from copper chest
2. Go to a nearby player chest
3. Check if this item is also present
4. If successful, store item and go back to step (1)
5. If unsuccessful, move to the next unvisited chest and go to step (3)

There are a few obvious downsides to this algorithm, as it is essentially a linear search. Most
importantly, if the golem is holding an item that does not appear in any of the chests, they will become
stuck, fruitlessly searching the same chests over and over. This loop is only broken when a player
manually takes the item out of the golem’s hands and sorts it themselves.

In our opinion, the copper golem offers a great conceptual example for classification using logic (pro-
gramming), which could teach them how to logically define concepts. Children could design their
own sorting rules, in which they specify which items are supposed to go in which chests. Instead of
enumerating items individually, they group items together in self-defined categories and designate each
category a chest. For instance, pickaxes and swords could be grouped in the category equipment and
stored in chest A, whilst stone and wood can be grouped in building blocks which are stored in chest B.

We envision a two-step approach to these sorting rules. Firstly, the children should come up with
a flowchart, using diamond decision shapes to create an overview of which categories are required.
Fig. 3b shows an example in which four categories (block, equipment, natural resource, diamond) are
used in the sorting flow. Next, they could define each category in natural language, and then formalise
them logically in whatever formalism works best. For instance:

A block is an item that can be placed.
A natural block is a block that has no crafting recipe.
A piece of equipment is diamond quality when a diamond is used in its crafting recipe.

Can be written in pure classical first-order logic as follows:

∀𝑥 ∈ 𝐼𝑡𝑒𝑚 : 𝑏𝑙𝑜𝑐𝑘(𝑥) ⇔ 𝑐𝑎𝑛_𝑝𝑙𝑎𝑐𝑒(𝑥).
∀𝑥 ∈ 𝐼𝑡𝑒𝑚 : 𝑛𝑎𝑡𝑢𝑟𝑎𝑙(𝑥) ⇔ 𝑏𝑙𝑜𝑐𝑘(𝑥) ∧ ¬(∃𝑥2 ∈ 𝐼𝑡𝑒𝑚 : 𝑟𝑒𝑐𝑖𝑝𝑒(𝑥, 𝑥2)).

∀𝑥 ∈ 𝐼𝑡𝑒𝑚 : 𝑑𝑖𝑎𝑚𝑜𝑛𝑑(𝑥) ⇔ 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡(𝑥) ∧ 𝑟𝑒𝑐𝑖𝑝𝑒(𝑥, 𝑑𝑖𝑎𝑚𝑜𝑛𝑑).



Note that item properties, such as can_place and equipment, would need to be provided up-front as
they cannot be trivially defined.

On top of a “free play” environment to toy with sorting rules, we could have the children work
through pre-defined exercises as “levels”. We envision such a level to consist of a set of input blocks of
various types, a sorting algorithm that is hidden from them, and the required outcome of the sorting.
The players then need to figure out the sorting algorithm using the approach described above, until
theirs reaches the desired outcome. This approach can straightforwardly scale from easy levels to more
difficult levels that require many sub-decisions. Along the way, they are learning how to define concepts
formally, and learning to think in terms of flows.

3.3. Other Examples

As mentioned in the beginning of this section, there are more possible matches between Minecraft and
logic (programming) than path planning and item sorting. Indeed, Minecraft’s emphasis on creativity
allows us seemingly endless possibilities. To motivate this, we briefly introduce a few additional
examples:

• Minecraft lends itself well to artistic expression, with many players striving to build houses,
landscapes, or other in the most aesthetically pleasing ways. It also has a lively “pixel art” scene,
where artists place blocks in a 2D-plane to form images when looked at from afar, similar to how
digital images work. This holds a potential synergy with work such as [30], which emphasizes
teaching logic programming through visual methods. In this case, Minecraft could be used to
visualize generative art, and make it more tangible.

• Configurator tools are typical example applications for logic programming [31]. In Minecraft,
we could show this using a “house configurator”, in which children can express design rules and
constraints over a house. For instance, they could set color schemes using matching blocks, add a
constraint on the types of blocks that can be used for flooring, express if they want a flat roof or
a saddle roof, etc. In a next step, they can generate a few houses matching their descriptions, and
inspect them in their Minecraft worlds. Whenever the houses are not to their liking, they can go
back and modify their configuration knowledge.

• ComputerCraft is a Minecraft mod that adds “turtles”, which are in-game robots that can be
programmed in Lua. Each robot can also be equipped with tools to allow them to interact with
the objects and blocks in the world. It seems feasible to extend this mod with support for a logic
programming language, such as Prolog or ASP [32]. In this way, players could program agents in
their worlds, and use them to automate certain aspects of the game.

In general, it seems that for every aspect or application of logic (programming), one can find an inter-
esting example using concepts from Minecraft. This seems in line with other pedagogical approaches
that discuss Minecraft as an environment for game-based learning, making the game well-suited as a
general “problem domain”.

4. Conclusion

Teaching logical reasoning to children is a worthwhile endeavor, but engaging teaching material can be
tough to create. As logic by itself “does nothing”, it is important to find interesting application domains
to prevent the teaching material from being boring.

In this paper, we present Minecraft as a suitable game-based learning environment for logic, logic
programming, and/or logical thinking in general. Research shows that game-based learning increases
student motivation and therefore engagement with the material. Moreover, thanks to Minecraft’s
popularity, it is a well-known game for many children already.

As concrete examples, we elaborated on two main ideas: path planning and item sorting. Path
planning is a classical application of logic programming, which can straightforwardly be demonstrated



using in-game entities. This gives children a better mental models of what they’re supposed to do, and
allows them to visualize their results in Minecraft directly. Item sorting through copper golems learns
children to think in flows, and how to define concepts in terms of others, which are both crucial skills
for logical thinking. Besides these two main ideas, we also find that Minecraft’s sandbox environment
offers many more teaching opportunities, especially when paired with child-friendly logical formalisms
such as blocks-based notations or domain-specific CNLs..

In the context of game-based learning, it is also worth stating that Minecraft is not the only game that
lends itself well to teaching logical thinking. In general, all games that (a) offer room for creativity, (b) are
more or less “sandboxes”, and (c) can be extended using mods, could be eligible teaching environments.
Some examples of such games include Stardew Valley, Terraria, and Factorio.

As a final conclusion to our paper, we would like to wholeheartedly invite all interested readers
to take these ideas and continue to work on them; they are hereby provided free of any intellectual
properties. We would be delighted if anyone finds the time and budget to concretely work out the ideas
outlined in this text, and transform them into actionable learning material.

Declaration on Generative AI

The author(s) have not employed any Generative AI tools.
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