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ABSTRACT
Extensive research underscores the importance of stimulat-
ing students’ interest in learning, as it can improve key
educational outcomes such as self-regulation, collaboration,
problem-solving, and overall enjoyment. Yet, the mecha-
nisms through which interest manifests and impacts learn-
ing remain less explored, particularly in open-ended game-
based learning environments like Minecraft. The unstruc-
tured nature of gameplay data in such settings poses analyt-
ical challenges. This study employed advanced data mining
techniques, including changepoint detection and clustering,
to extract meaningful patterns from students’ movement
data. Changepoint detection allows us to pinpoint signif-
icant shifts in behavior and segment unstructured gameplay
data into distinct phases characterized by unique movement
patterns. This research goes beyond traditional session-level
analysis, offering a dynamic view of the learning process as
it captures changes in student behaviors while they navi-
gate challenges and interact with the environment. Three
distinct exploration patterns emerged: surface-level explo-
ration, in-depth exploration, and dynamic exploration. No-
tably, we found a negative correlation between surface-level
exploration and interest development, whereas dynamic ex-
ploration positively correlated with interest development, re-
gardless of initial interest levels. In addition to providing
insights into how interest can manifest in Minecraft game-
play behavior, this paper makes significant methodological
contributions by showcasing innovative approaches for ex-
tracting meaningful patterns from unstructured behavioral
data within game-based learning environments. The impli-
cations of our research extend beyond Minecraft, offering
valuable insights into the applications of changepoint detec-
tion in educational research to investigate student behavior
in open-ended and complex learning settings.
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1. INTRODUCTION
Educational games hold significant potential for facilitat-
ing active learning and the development of STEM inter-
ests [9,47]. Among these, Minecraft gained particular promi-
nence not only as a game but also as a platform for cre-
ativity, problem-solving, and skill development [4, 6, 21, 35].
With its open-ended nature and potential for customiza-
tion, Minecraft has been widely adopted as a powerful tool
for learning [31]. There is thus increasing need to under-
stand student behavior within these environments. How-
ever, quantitatively analyzing the complex behavioral data,
especially from these open-ended environments, poses ana-
lytical challenges.

One of the primary challenges in analyzing data from open-
ended environments is the difficulty in translating unstruc-
tured behavioral data into meaningful insights. Traditional
structured learning environments often involve clear assess-
ment criteria and easily identifiable outcomes [28, 41]. In
contrast, open-ended environments present ill-structured tasks
that encourage exploration, information synthesis, and cre-
ative problem-solving [28]. These environments allow for a
variety of behaviors and multiple attempts over extended
periods [8], resulting in complex datasets that reflect dy-
namic learning processes. For example, Minecraft players
may engage in diverse activities such as construction, ex-
ploration, and collaboration, generating datasets that lack
predefined answers that can be used as evidence of outcome
measures [22]. The relationship between granular action,
the development of higher-order skills, and overall student
performance is not immediately clear [34]. Without explicit
scoring rubrics and criteria of assessment, it becomes chal-
lenging to apply standard analytical approaches. This ne-
cessitates the development of innovative analytical methods
to extract meaningful information from unstructured game-
play data [37,44].

Another challenge is related to the complexity of the skills
being measured or developed in educational games [22]. While
research has established that educational games contributed
to the development of STEM interest and enhance aspects
like self-regulation, collaboration, problem-solving, and en-
joyment in learning [42], the process of how interest evolves
from initial curiosity to a sustained engagement remains
under-explored [17, 24, 30]. Interest appears to emerge as
a desire to fill an information gap, then evolves into a flow-
like experience in later phases [16]. However, the internal-
ization process underlying this transition is not well docu-
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mented [1,17,24], presenting a challenge for designing game-
based learning environments that engage and sustain stu-
dent interest. Traditional data analysis often falls short in
capturing this complexity, highlighting the gap in uncover-
ing the relationship between in-game behaviors and STEM
interest.

This study aims to address these challenges by leveraging
data mining to analyze students’ Minecraft movement data,
with the goal of uncovering exploration patterns and their
relationships to interest development. By employing meth-
ods including change point detection and clustering, this
work identifies behavioral shifts and distinct exploration pat-
terns based on movement trajectories. Triangulating these
patterns with survey data, this study sheds light on how
students navigate open-ended environments and how such
explorations manifest interest. The research questions guid-
ing this study are:

RQ1: How can advanced data mining techniques be applied
to unstructured movement data to identify exploration pat-
terns within Minecraft?

RQ2: How do these identified exploration patterns relate to
interest development?

2. RELATED WORK
2.1 Minecraft as an educational platform
The integration of digital gaming in educational settings,
particularly in the realm of STEM, has gained increasing in-
terest [26]. Minecraft, a sandbox-style video game, emerged
as an effective platform for engaging students and fostering
STEM interest (see the review [31]). Several studies have
demonstrated its positive impacts, including the develop-
ment of spatial skills critical to STEM learning [6], enhanced
collaboration skills [4], and increased computer science com-
petencies and motivation [21].

Empirical studies have highlighted the potential of Minecraft
in fostering STEM interest [25, 35, 46]. Sandbox environ-
ments like Minecraft can spark STEM interest by allowing
students to interact with natural phenomena in a digital
setting [46]. Studies have also investigated the relationship
between specific in-game behaviors and levels of STEM in-
terest, such as the usage of scientific tools and the frequency
of scientific observations [13]. These findings collectively un-
derscore the potential of Minecraft as a platform for foster-
ing STEM interest and learning, while providing insights
into student exploration behaviors.

2.2 Data mining in educational games
Traditional data collection approaches, such as surveys, in-
terviews, and pre/post-tests, primarily focus on capturing
data before and after gameplay [38]. While these approaches
are effective for assessing performance, they provide lim-
ited insights into the learning process during gameplay. Ad-
vanced data mining, particularly log data analysis, can track
users’ in-game actions at a fine-grained level and to investi-
gate the intricate behavioral patterns that emerge [7,12,19,
27, 33]. Previous studies have examined students’ in-game
behaviors such as use of in-game tools [20,27], gameplay du-
ration and gaming performances [7]. While these metrics

provide insights into engagement, they do not take full ad-
vantage of the rich interactions within open-ended games [2].
In environments like Minecraft, where students explore the
environment in a natural manner without necessarily mak-
ing observable interactions, common approaches and metrics
suited for structured environments prove inadequate.

Trajectory analysis has emerged as a promising approach
to address the limitations of traditional metrics in captur-
ing the intricacies of learning processes [10, 19, 36, 39, 40].
For example, [19] investigated students’ daily gameplay ac-
tions and identified three distinct trajectories of group action
similarity to examine the processes of collaborative problem-
solving. [33] employed process mining and created a global
graph of the quest pathway to visualize how students moved
around, made decisions, and completed quests. [40] utilized
random walk analysis to visualize students’ trajectories and
slopes within the game-based environment iSTART-ME and
compared individual differences in terms of reading ability
and self-explanation quality. Additionally, [36] used time se-
ries analysis to compare students’ problem-solving approaches
with expert solutions, linking these comparisons to learning
outcomes.

While these trajectory-focused studies provide valuable in-
sights, they assume consistent behaviors or strategies through-
out the session. This assumption may not always hold.
As [14] and [39] suggest, learning strategies and behaviors
are dynamic, varying across contexts and evolving within the
task as students’ understanding and gaming skills develop.
Therefore, summarizing with an overall pattern or learner
profile may overlook these nuances. To bridge this gap, our
study introduces a novel approach able to capture the dy-
namic nature of learning processes in an open-ended envi-
ronment. By identifying natural segments in students’ ex-
ploration trajectories as indicators of exploration strategies
and examining their association with STEM interests, our
approach offers a more nuanced understanding of segment-
specific behaviors.

2.3 WHIMC as a learning context
What-If Hypothetical Implementations in Minecraft (WHIMC;
https://whimcproject.web.illinois.edu/) presents a diverse set
of Minecraft worlds designed to support STEM education.
Its core mission is to develop engaging computer simulations
that deepen interest in STEM. Utilizing Minecraft Java Edi-
tion, this project creates 13 distinct WHIMC worlds, includ-
ing two orientation worlds, six ’What-if’ scenarios, and five
exoplanets. A conceptual diagram of the user experience
and learning pathways is shown in Fig. 1(a). These virtual
environments provide interactive and immersive learning ex-
periences where students can engage with nonplayer charac-
ters (NPCs) for knowledge or task guidance (as illustrated
in Fig. 1(b)), or use different science tools to conduct experi-
ments and collect data such as temperature and oxygen level
(as illustrated in Fig. 1(c)). Additionally, students can enter
written observations at any location; these observations are
then visible to other players exploring the same world.

Previous studies associated with the WHIMC project have
demonstrated its effectiveness in fostering STEM interest
[13, 25, 46]. These studies, however, primarily used qualita-
tive coding or interviews to identify interest-triggering mo-



(a) Overall User Experience and Learning Pathways

(b) Screenshot of User Interacting with NPC

(c) Screenshot of User Exploring the World

Figure 1: WHIMC

ments. While these approaches provide valuable insights,
they may not fully capture the behavioral patterns evident
in the log data, emphasizing the need for alternative meth-
ods to understand the intricacies of student behaviors within
game-based learning environments.

3. DATA SOURCE
3.1 Participant
The study involved 82 middle-school students from seven dif-
ferent summer camps located in the Northeast and Midwest

regions of the United States. The participant demographic
comprised 32% female students, with a racial composition of
37% White, 28% Pacific Islander or Native American, 24%
Black, 13% Hispanic, 2% Asian, and 1% American Indian.
On the first day of the camp, students completed self-report
surveys and received a brief introduction to the camp and
the ”What-if” astronomy scenarios. They then explored the
WHIMC worlds. After excluding data from students who
dropped out, a total of 55 participants were included in the
final analysis. Data was collected with consent from the
participants and their guardians and approved by the Insti-
tutional Review Board for research purpose.

3.2 Data
This study utilized log and survey data to investigate stu-
dents’ exploration patterns and their relationship with STEM
interest levels. The Minecraft Server recorded log data for
each participant every three seconds, as well as upon the
usage of scientific measurement tools or observation actions.
The dataset included timestamps, x, y, and z coordinate lo-
cations, utilization of science tools, and observations made
by students. Since our primary focus was spatial naviga-
tion, we focused on x (east-west) and z (north-south) co-
ordinates, excluding the y coordinate which tracks vertical
change. Our analysis focused on worlds that offer a rich po-
tential in uncovering student interactions and engagement,
excluding those with limited movement. Selected worlds in-
cluded No Moon, Colder Sun, Tilted Earth, Mynoa, and
Two Moons.In addition to the log data, a validated interest
survey was provided as a pre- and post-test to evaluate the
impact of WHIMC on students’ interest levels [13]. This
survey consists of 25 items using a 1–5 Likert scale (1 =
“Strongly Disagree”, 5 = “Strongly Agree”). For analyti-
cal clarity, we organized the survey questions into STEM,
Minecraft, and astronomy interest as detailed in Table 1.

4. METHODOLOGY
4.1 Feature Generation and Selection
The log data was processed to extract four features related
to their movement: speed v(t), direction θ(t), and their cor-
responding rates of change a(t) and ∆θ(t) over time. Speed
and acceleration reveal aspects of pace in activity levels,
while direction and direction change offer perspectives on
spatial navigation. We tracked students’ positions, repre-

sented as p⃗(t) =

[
x(t)
z(t)

]
at time t, where x(t) and z(t) are the

coordinates of students in the Minecraft world. The speed
v(t) and direction θ(t) at time t can be thus calculated as:

v(t) = ∥v⃗(t)∥, θ(t) = arctan 2

(
dz

dx

)
(1)

where dx and dz are the changes in x and z coordinates
compared to the previous time point t − 1. In our context,
these two features represent how fast the students are mov-
ing within Minecraft and their heading or direction at the
given moment.

Additionally, we looked at how these values change over
time to capture their dynamics of movement. The change in
speed a(t) and the change in direction ∆θ(t) at time t are
calculated as:

a(t) =
dv(t)

dt
, ∆θ(t) =

dθ(t)

dt
(2)


