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Abstract—Spatial geometry is one of the fundamental mathematical building blocks of any engineering education. However, it
is overshadowed by planar geometry in the curriculum between
playful early primary education and later analytical geometry,
leaving a multi-year gap where spatial geometry is absent at
large. Hence, we investigate the usage of Minecraft as tool to
help bridge said gap, as the virtual worlds of Minecraft allow
children to create three-dimensional objects in a constructive and
algorithmic way. We study two learning scenarios in grade 5/6
with 103 students, reporting on our & the childrens’ experiences.
Based on our findings, we believe Minecraft to be a valuable
mathematical tool that can be easily used to augment the current
curriculum.

I. I NTRODUCTION AND M OTIVATION
Geometry is one of the cornerstones of mathematics and
engineering education, making it relevant for all stages of
teaching, from kindergarten to graduate school. In this context,
spatial geometry is especially important for designing and
understanding real-world phenomena and constructions. As
such, it is included in most parts of the K-12 curriculum, with
special focus on early primary education and later analytical
geometry. In between, it is however absent at large, cf. [1].
Even worse, spatial geometry has often been reduced to
calculations [2], mostly ignoring spatial concepts [3].
However, students have more experiences with spatial than
planar geometry after the first years of primary school, augmented by their daily lives [4]. Therefore, a further exploration
of spatial geometry should not be delayed until the end of the
lower secondary [3], especially as the students’ susceptibility
grows significantly around the age of 12, in particular for
girls [5].
Accordingly, Maier [6] suggests that the concepts of space
should be developed by teaching spatial geometry. As the
creation of real-world models can be time- and cost-intensive,
Luig and Straesser [7] propose to use geometry software in
the classroom, backed by Schumann [8]. Especially for spatial
geometry, the use of computers allows a transition to digital
Pestalozzian ideals, cf. [9], giving more importance to the
concepts of solids [2] and allowing traditional learning goals
to be reached by new technologies [10].
There is no lack [11] of (interactive) 3D geometry software for use in schools, e.g., Archimedes Geo3D [12], [13],
GeoGebra [14], [15], or POV-Ray [16], [17].
The listed programs however suffer from the downside that
they require the explicit use of a three-dimensional coordinate
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system, making them harder to grasp than simple planar
geometry. According to Kadunz and Straesser, the students
even need to mentally construct a numerical image due to the
use of coordinates [1].

Fig. 1: Spatial constructions in Archimedes Geo3D [12] require the explicit
use of three-dimensional coordinates, making it harder to intuitively use in
the context of elementary education.

Elementary spatial geometry programs for children are
uncommon, cf. [3]. The only example of educational software
that we are aware of in this area is BAUWAS [18], [19], where
blocks can be placed in a 10 × 10 × 10 grid, see Figure 2.

Fig. 2: Screenshot created with BAUWAS [18]. Blocks can be created/deleted
by simply clicking with the left/right mouse button.

However, we would like to have a program beyond the size
restrictions of 10 blocks in every dimension, allowing also
for collaborative possibilities and an incentive for the students
to use the program in their own free time [24]. As thus, in
this article, we investigate the choice of the popular program
Minecraft [20] to augment the the teaching of spatial geometry
in grades 5/6. In particular, we design and evaluate classroom
studies, coming to the conclusion that Minecraft can be used
as a valuable tool to augment the concept of space.

(a) Screenshot taken in Minecraft [20].

(b) Uncanny valley effect, from [21].

(c) Screenshot in the CryENGINE 2, from [22].

Fig. 3: The uncanny valley hypothesis, first proposed by Mori, cf. [23], states that non-perfect depictions of humans are easily identified by an observer,
causing revulsion and feelings of discomfort. On the other hand, clearly artificial scenes such as in Figure 3a are more pleasant than the previously mentioned,
as there is no expectation of perfection. Current video games need a high level of modification to bridge the uncanny valley, as attempted in Figure 3c.

A. Overview of this Article
In the following Section II we start by covering (related
educational work on) Minecraft and its deployment in the
classroom. Then, in Section III, we discuss our goals and
classroom studies to augment the understanding of spatial geometry in grades 5/6, followed by a qualitative and quantitative
assessment in Section IV, also briefly covering a grade 12
trial in Section V. Lastly, we conclude in Section VI with a
summary and outlook on future work.
II. M INECRAFT
Minecraft is a first-person video game, released in November 2011 by the company Mojang, with the main developers
being Markus “Notch” Persson and Jen Bergensten [25], [26].
In total, more than 100 million copies of Minecraft were sold
worldwide so far [27], with its immense popularity being the
reason why Mojang was bought by Microsoft in late 2014 for
2.5 billion dollars [28].
Minecraft can be roughly summarized as a (collaborative)
sandbox game, where Lego-like blocks can be placed and removed. Besides this building mode (coined “creative mode“),
there is also a “survival mode” available, where the players
start with an empty inventory and have to gather/mine all
desired resources, while the world is populated with friendly
non-player characters, animals, and hostile monsters.
Even though Minecraft and its clones might like outdated
in terms of today’s video game graphics, its vintage look
does not hinder its popularity – it might even have helped
popularize it, cf. Figure 3. Furthermore, the procedural world
generation allows for all sorts of landscapes in a virtually
unlimited environment, as illustrated in Figure 4.

A. Minecraft in Educational Use
The phenomenon Minecraft1 quickly found its way into
education and research as well. Already shortly after its
release, articles discussed the classroom use of Minecraft
for topics such as biology, ecology, physics, chemistry, and
geology and geography, e.g., [30]. In regards to programming,
modifications of Minecraft allow for interesting possibilities
of visual coding, with methods such as coding blocks [31] in
CodeBlocks [32] or turtle coding [33], [34] in ComputerCraftEdu [35]. We refer to the survey of Nebel et al. [25] for an
encompassing literature review, also covering further school
subjects.
Specifically for mathematics, Bos et al. [26] let students
(third grade) explore area and perimeter using Minecraft,
giving also additional Minecraft mathematical activities for
students in elementary education: E.g., reasoning with shapes,
geometric measurements, analyzing patterns, or scaling. For
the age group 7-9, Al Washmi et al. [36] also consider
mathematical activities in a modified version of Minecraft,
using a pre-built world with tasks to perform by the students.
Kørhsen and Misfeldt [37] perform an ethnomathematical
study by monitoring seven 10-year olds in an afterschool
Minecraft program, describing their findings in terms of
Bishop’s categories [38] and elaborating on the collaborative
effect of playing. Related to spatial involvement, Nguyen and
Rank [39] present a digital training regimen in Minecraft,
where they plan to evaluate mental rotation performance in
future work. Lastly, Floyd [40] reasons that “Minecraft clearly
promotes the development of spatial abilities”, by comparing
the possible actions in Minecraft with related work in spatial
reasoning skills development literature.
B. Deploying Minecraft for Classroom Studies
The full version of Minecraft is available for most recent
versions of Windows/Mac/Linux, and also (at a reduced price)
for most gaming consoles and mobile operating systems.
However, the single client license cost of ∼26 USD2 is
prohibitive for most school budgets. There is also an enhanced

Fig. 4: Depiction of the maximum size of a Minecraft world, assuming each
block having a size of 1m3 , from [29].

1 From now on, we are going to use Minecraft as a synonym for Minecraftlike software, similar to the use of Google as a verb – unless noted otherwise.
2 At https://minecraft.net/en/store/, price as of November 2016.

education version available, with a more reasonable price of
5 USD3 : This version only runs on Windows 10 or macOS,
neither being available at the high school in Northern Germany
where the teaching took place.
As we only needed basic building functionalities and especially wanted the students to also being able to continue
their work at home, we thus opted for free versions of
Minecraft. In the first cross-sectional study we used Minecraft
Classic [41] with a browser-based client. As Minecraft Classic
was removed in Fall 2015 [41], we then used the free alternative ClassiCube [42], combined with MCGalaxy [43] as a
server. Both ClassiCube and MCGalaxy have low hardware
requirements, allowing them to run on dated school hardware
(in our case, from ≈ 2010).
III. S ETTING OF THE C LASSROOM S TUDIES
In this section, we will describe our settings/design and
goals for our classroom studies, extending our earlier preliminary technical report [44]. We chose Minecraft for our
classroom studies as we were looking a for software which
is 1) available in a free version, 2) which students would use
in their own time at home, and 3) where the students can
collaborate4 .
We designed two classroom studies, the first one focusing
on the transfer between the plane & space [45] and collaborative building [37], and the second one for implementing the
suggestion of scaling by Bos et al. [26].
In total, we evaluated our scenarios with 103 students, 69
for the first setting, and 12 for the second setting, also adding
a control group of 22 students. Roughly half of all students
were girls. The students were also provided with instructions
for Minecraft, see Figure 5.

A. Collaboration and Transfer from the Plane to Space
First, in a cross-sectional study (69 students, 1 class in grade
5/6 each, 1 group of students in grade 5 in extra-curricular
activities), we wanted to see if the students could transfer their
drawn objects from the plane to the space of the virtual world,
if they would have problems with spatial orientation in the
first-person view of Minecraft, if already an empty world is
enough to spark creativity, and if collaboration at class size is
feasible.
The 4 lectures (2 × 2) were structured as follows: After a
short introduction, the students would try working in Minecraft
on their own, then work together with a partner on a project
designed together, and lastly the whole class together would
sketch a project for the remaining 2 lectures: In these, the
students would all build on a project collaboratively. The
students would also be given the option to play at home in
a provided (yet empty) world. In the following week, the
students would participate in a questionnaire.
B. Scaling of Constructions
Second, in an experiment (12 students from grade 6, with a
control group of 22 students in grade 6), we were interested in
scaling constructions in Minecraft, and its short-term impact
on spatial skills.
The 2 lectures (2×1) were structured as follows: After a prequestionnaire, the students would sketch a desired construction
and then build it twice, once at normal size, and once at
doubled dimensions. In the second lecture the scaling process
would be inverted, scaling the dimensions down to half the
size, concluded by a post-questionnaire. The control group
would be given one questionnaire to compare the two groups.
IV. E VALUATION OF THE C LASSROOM S TUDIES
In this section, we present our and the students’ experiences
during the classroom studies. We begin by describing the
details of the first cross-sectional study in Section IV-A,
followed by the second experiment in Section IV-B.
A. First Classroom Cross-Sectional Study

Fig. 5: Instructions (in German) for the students on how to use Minecraft.
Students in grade 5/6 barely made use of them after a short period, while a
few students in grade 12 still consulted them throughout the first hour.

3 At

https://education.minecraft.net/, price as of November 2016.
refer to the work of Franke [24], who also elaborates on that the
final products of the students’ geometric work do not need to be graded – an
approach we will follow in this article.
4 We

Construction in Minecraft is performed from a first-person
view, i.e., from a higher level of abstraction, as the (avatar’s)
viewpoint is inside the to be performed task itself. Notwithstanding, we observed that all students, except for one, had
no problems orienting themselves in the virtual world of
Minecraft. The students agreed with this observation, cf. Figure 6d. Similarly, the students quickly mastered controlling
the avatar, cf. the caption of Figure 5, and were immideately
able to construct their first ad-hoc projects alone.
Afterwards, the students sketched a small project in pairs
and built them in Minecraft, see the left four pictures in
Figure 9. We observed that the students were able to transfer
their two-dimensional sketches to three-dimenstional buildings
quite well, performing some minor modifications on the go.
The sketches in grade 5 were still very planar (see Figures 7a,
7d), while the sketches in grade 6 were already more spatial
(see Figures 7b, 7e).
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(a) Would you rather draw on paper
or build in Minecraft?

(b) Would you rather build in
Minecraft or Lego/building blocks?

(c) Would you play Minecraft with
your parents?

(d) Did you have issues orienting
yourself in the world of Minecraft?

Fig. 6: Evaluation after the cross-sectional study, with n = 69 (rounded %). Regarding the question of playing with their own parents in Fig. 6c, some students
answering no noted that their parents would probably not see a relation between Minecraft and mathematics, as something fun cannot be mathematics.

(a) Sketch of a castle (grade 5).

(b) Sketch of a cubic building (grade 6).

(d) Construction of the castle above.

(e) Construction of the cubic building above.

(c) Outside of the collaboratively built cinema.

(f) Inside the collaboratively built cinema.

Fig. 7: Examples of constructions from the cross-sectional study. Especially the sketches in grade 6 were already more spatial.

The results of the following questionnaire are shown in
Figures 6 and 10.5 Most students responded that they preferred
building in Minecraft to alternatives such as drawing on paper
or building with Lego/building blocks, see Figures 6a and 6b.
For the conclusion of the first two lectures, the students
discussed what sort of construction they would like to collaboratively build in the next two lectures, and set up rules for
collaborative building (also for at home). The class in grade 5
built a castle (cf. Figure 8), the class in grade 6 built a park,
and the extra-curricular group built a cinema, see Figures 7f
and 7c. All groups took great care to collaboratively build
without upsetting others, but their building plan was more
spontaneously: Students looked where they could help finishing building, and then moved their avatar there to continue
constructing. We suspect that for larger and more complex
projects, we would need to guide the students beforehand to
create a (modularized) building plan.
While the constructions for the castle and the park focused
just on the construction, the extra-curricular group decided
to also host an event once their cinema was done: They
performed a short play on the stage of the cinema (behind
the glass in Figure 7f) with some students, while the other
students watched from their seats. Especially the collaborative
building fascinated the students, which also showed in their
5 Eggeling [46] performed a study with six students, using also the questions
in 6 & 10, except for 6c. She notes [46, p. 63] that the students’ answers
mostly correspond to ours, drawn from our preliminary technical report [44].

interest to build in their free time from home (we did not give
the students any “homework”, it was left to them as their own
decision). Roughly 80% of the students played on these worlds
at least once from home, more than half at least for 6 hours
in a two week timespan. We initialized the small worlds to
be empty (flat), and noticed that interest in each world went
down the “fuller” the worlds became, with interest rising again
once we proved new worlds. We suspect that the fascinating
part of Minecraft is not so much interacting with an already
existing environment, but rather the construction itself: Once
the construction is deemed finished, it is not re-iterated or
extended later, but rather a new project is started.
One further observation that surprised us is that we also
saw no signs of vandalism in the freely accessible worlds
and that we received no complaints from any student that
their construction was destroyed. We believe that this effect
is rooted in the communal rule-generation, e.g., in Figure 8,
and collaborative building in class. We did not perform these
steps in grade 12, observing some vandalism, cf. Section V.

Fig. 8: Notes (in German) from a student regarding collaborative play: First,
she noted that she would like to build a castle collaboratively, but that this
castle should belong to everyone. Second, she pointed out that everyone should
respect the constructions of others.

B. Second Classroom Experiment

(a) Collaborative building at home (grade 5).

(b) Collaborative building at home (grade 6).
Fig. 9: We provided an empty world for the students to build at home for
each group in the cross-sectional study. While the students in grade 5 mostly
constructed (independent) buildings next to each other (Fig. 9a), the world in
grade 6 was more organized (Fig. 9b).

Similar to the transfer from paper to space in grades 5 and 6,
we observed that the building from home was more structured
in grade 6, leading to more organized virtual worlds, see the
two exemplary screenshots in Figure 9.
Lastly, according to the sudents’ opinions, they preferred
collaborative building, where they could construct together
with the whole class, cf. Figure 10. We believe that this is one
of the great strengths and unique opportunities of Minecraft,
deserving future investigations: Minecraft allows for an easy
setup of building together in large groups, where all students
can be immersed into the construction. Without computer use,
such a task would be very demanding (money- and time-wise),
and might not happen at all in everyday teaching. As such, we
believe Minecraft to be a useful additional tool for teaching
spatial geometry in grades 5 and 6, which is also used by
students in their free time.

alone

19%
4%

a few friends
a few classmates

20%
57%

whole class

Fig. 10: Would you rather play Minecraft (with) ... ? Question posed to n = 69
students from grade 5/6 after the cross-sectional study.

In our smaller (12 students in grade 6) and shorter (2
lectures) second classroom experiment we focused on the task
of scaling, as an interpretation of multiplication in Minecraft,
cf. Bos et al. [26].
In the first lecture, we started with a pre-questionnaire
including one spatial geometry question, cf. Figure 11. Then,
the students first sketched a construction, then built it at
normal size in 10 minutes, and then tried to build it at
doubled scale in 20 minutes. While the volume of a doubled
construction (in all dimensions) is increased by 23 = 8, the
outer hull block amount just increases by a factor of 22 = 4
(ignoring constructions inside). As thus, the students doubling
the constructions in all dimensions were not able to finish their
work, see e.g., the crane with missing features in Figure 12b
or especially the house in Figure 12c. Only one student was
able to completely finish his construction, as he only scaled
in two dimensions, needing twice as many blocks in Figure
12d. This lead to discussions why scaling a construction by a
factor of two is problematic in twice the construction time.
One might think that reversing the process in half the time
should be easy, but there is the problem that Minecraft has an
atomic block size. E.g., if a window has a size of one block,
what size should it have when scaling the construction down?
The students used two different approaches when scaling was
not possible, either ignore the feature such as in Figure 12g or
scale the amount of the features as in Figure 12h. Only few
students planned a construction that could be properly scaled,
as can be seen in Figure 12e.
We concluded the two lectures with a post-questionnaire of
two spatial geometry questions, comparing the results with the
same questions asked in a control group of 22 students, and the
initial pre-questionnaire. As there was no delay in taking the
questions, the effects have to be considered short-term effects.
As can be seen in Figure 12, both group behaved roughly the
same initially, but the results of the students taking the two
lectures improved strongly. We would like to note that we did
not perform a classical mathematical lesson plan, but just let
the students sketch and build in Minecraft as described.
We believe that the propaedeutic algorithmic6 tasks performed in these two lectures resulted in the better results of the
students. We therefore think that the idea of scaling, proposed
for Minecraft by Bos et al. [26], is a promising concept
for late elementary education, warranting further exploratory
studies for its use regarding surface area and volume in the
mathematics curriculum.
V. F URTHER O BSERVATIONS IN G RADE 12
We also shortly introduced a class in grade 12 to Minecraft
for one hour, and offered them as well the option to play at
home on a world hosted by us. We defer a detailed overview
of this study to a future article. Notwithstanding, there are two
observations that we would like to mention:
6 We refer to the article [47] of Schmidt-Thieme for a general overview on
the importance of algorithms in (mathematical) education.

(a) Never (4; CG:5)

(b) A little (1; CG:5)

(c) Few hrs. (1; CG:2)

(d) Often (6, CG:10)

Fig. 11: Results in the second classroom experiment, from the geometry questions in the questionnaire (pre/post, with 4 + 1 + 1 + 6 = 12 students) and
the control group (CG, with 5 + 5 + 2 + 10 = 22 students). The captions denote how much the students played Minecraft before, also showing how many
students are in each group. Responses in blue are correct, incorrect ones are in orange. The results before the lectures are roughly similar to the control group
(except for question #1 in Figure 11a), but have improved to mostly correct results after the two lectures.

(a) Sketch of the crane in Fig. 12b.

(e) Sketch of the construction in
Fig. 12f, each block outline shown.

(b) Construction of the crane from
Fig. 12a, properly scaled.

(c) Properly scaled house, but too
large to complete in time.

(d) Properly scaled house in two
dimensions, but not in height.

(f) Properly scaled construction.

(g) Windows not properly scalable.

(h) Another take on scaling.

Fig. 12: Examples of constructions from the second classroom experiment. The students all chose to build houses in the first lecture (top row), except for one
student building a crane in Fig. 12b. In the second lecture, all the students built constructions related to buildings, i.e., merlons (battlements) in Fig. 12f.

1) Students in grade 12, that did not play Minecraft (or
other first-person games) before, had more problems
orienting themselves in the virtual world of Minecraft
than the corresponding group of students in grade 5/6.
They especially lacked the playful behavior of younger
children, who accustomized themselves to the new environment quickly. Furthermore, these students in grade
12 also continued to consult the instructions in Figure 5
from time to time, unlike the students in grade 5 and 6.
2) The students in grade 12 logged in at roughly similar
levels from home as the younger children, but their collaborative behavior was different. Cooperative building
was limited, most students built on their own. Furthermore, some students actively damaged other buildings
when nobody else was logged on – which did not happen
in grade 5/6. Two female students noted that they were
disappointed by this behavior of their fellow classmates,
which they deemed inappropriate for their age.

We did not study these occurrences in depth, as we did not
expect them to happen beforehand. However, we believe that
further research in this area would definitely be interesting.
VI. S UMMARY AND O UTLOOK
We studied the usage of Minecraft as a tool to teach spatial
geometry in virtual worlds in grades 5 and 6. Specifically,
we evaluated two classroom studies, focusing on building
pre-planned constructions, cooperative building, and scaling
three-dimensional constructions. Based on our findings, we
believe the appropriate classroom use of Minecraft to be an
enriching experience regarding the concept of space at the end
of primary education. However, we would like to emphasize
that we do not want to advocate for Minecraft replacing parts
of the current education curricula. Rather, we see Minecraft
as a useful tool to augment teaching in the curriculum: “To
be used when appropriate, not to be applied when other tools
are more useful, and not taught for its own sake” [48].

The mentioned related work in Section II lists many more
possibilities for the further use of Minecraft: We think that
especially the usage of programmable agents in this context is
promising, as it allows for visual debugging by observing the
agents’ actions in a virtual world – a topic we plan to explore
further at undergraduate level [34].
Another future opportunity is the use of Virtual Reality (VR)
for spatial geometry or concepts of space [49], [50], [51], with
some research ideas being already over 15 years old [52],
[53]. Since recently, Minecraft is also available in a VR
version [54], with Azmandian et al. [55] already exploring the
possibilites of haptic targeting, e.g., to build a castle [56]. Once
the VR hardware7 and appropriate software becomes widely
available to schools, we anticipate exciting new directions for
augmented learning in the classroom.
Lastly, we would like to conclude with a statement of a
student in Figure 13, with which we wholeheartedly agree.

Fig. 13: “The whole game consists of math.” – Response from a student in
grade 6, when asked about how Minecraft relates to mathematics.
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